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The National Aeronautics and Space Act _f

1958 directed the annual Aeronautics and

Space Report to include a "comprehensive

description of the programmed activities and the

accomplishments of all agencies of the United

States in the field of aeronautics and space

activities during the preceding calendar year."

In recent years, the reports have been prepared

on a fiscal year basis, consistent with the budg.

etary period now used in programs of the

Federal Government. This year's report covers

activities that took place from October l, 1999,

through September 30, 2000.
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NATIONAL AERONAUTICS

AND SPACE ADMINISTRATION

NASA

NASA accomplished four extremely successful Space Shuttle missions in FY 2000.

STS-103 serviced the Hubble Space Telescope with three Extravehicular

Activities (EVA) to renew and refurbish the Telescope. In addition to replacing all

six gyroscopes, the crew also installed a refurbished Fine Guidance Sensor, a new

spacecraft computer, a Voltage/Temperature hnprovemen_ Kit to protect space-

craft batteries from overcharging and overheating, and a new S-Band Single

Access Transmitter. The crew also replaced the degraded outer telescope insula-

tion with the New Outer Blanket and Shell/Shield Replacement Fabric. STS-103

carried several hundred thousand student signatures as part of a student outreach

program. This mission was launched on December 19, 1999, and landed on

December 27, 1999.

STS-99 was the Shuttle Radar Topography Mission (SRTM), as part of an

international project spearheaded by the National Imagery and Mapping Agency

and NASA, with participation from the German Aerospace Center and the

ltalian Space Agency. SRTM consisted of a modified radar system that flew

onboard the Space Shuttle during the 11-day mission. SRTM used C-band and X-

band interferometric synthetic aperture radars to acquire topographic data of

Earth's land mass between 60 degrees north latitude and 54 degrees south latitude.

The Shuttle's radar covered 99.98 percent of the planned mapping area at least

once. Besides contributing to the production of better maps, the SRTM measure-
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ments could lead to improved water drainage modeling, more realistic flight

simulators, better locations for cell towers, and enhanced navigation safety.

The STS-99 mission was launched on February l l, 2000, and landed on

February 22, 2000.

STS-101 delivered supplies to the International Space Station that

included water, a docking mechanism accessory kit, film and videotape fi_r docu-

mentation, office supplies, personal items, exercise equipment, medical support

supplies, and a passive dosimetry system. Flight objectives included ISS

ingress/egress to take air samples, monitor carbon dioxide, measure air flow,

rework/modify ISS ducting, replace air filters, and replace emergency and power

equipment. The crew also assembled the Strela crane, conducted a spacewalk to

install exterior handrails, and set up the centerline camera cable. Assembled parts,

tools, and equipment for future missions were also transferred to the ISS. Atlantis'

steering jets were fired in a series of three maneuvers to boost the Station's orbital

altitude by 27 miles. This mission inaugurated the Atlantis' new Multifunction

Electronic Display Subsystem known as the "glass cockpit." This mission was

launched on May 19, 2000, and landed on May 29, 2000.

STS-106 was International Space Station (ISS) assembl'_ flight ISS-2A.2b

and utilized the SPACEHAB 1)ouble Module and the Integrated Cargo Carrier to

bring supplies to the Station. The main goal of this flight was to prepare Russian-

built ISS Service Module (SM) Zvezda ("Star") fi_r the arrival of the first resident,

or Expedition crew, in late 2000. Supplies transferred included clothing, medical

kits, personal hygiene kits, laptop computers and a printer, household items, and

critical life-support hardware such as an Elektron oxygen generation unit and a

Vozdukh carbon dioxide removal unit. Major items unloaded from SPACEHAB

inchlded medical equipment for the 1SS Crew Health ('are System, which will

serve as the heart of the Station's clinic for orbiting crews. Spacewalk activities

included the hookup of electrical, communications, and telemetry cables between

Zvez&_ and the Zarya Control Module.

In addition, NASA personnel worked with their colleagues in the Russian

Aviation and Space Agency to support their launch of Zvez&_, a Progress resupply

ship, and to prepare for the first 1SS Expedition crew launch in October 2000.

After the successful launch and mating of the first two ISS elements

(Functional Cargo Block [FGB] Zarya or "Dawn" and Node 1 Unity) and the first



logistics resupply mission to the ISS (2A.1/STS-96) in FY 1999, the ISS was fur-

ther enlarged m FY 2000 and readied f_r the launch of the first permanent crew.

The third construction element of the ISS, the Russian-built Service

Module (SM) Zvez&t ("Star") had originally been scheduled for launch in 1998.

After several delays, this launch was postponed until summer 2000, causing

NASA to take measures to prolong the life of the orbiting FGB module beyond its

original service certification. This was done by splitting the next Shuttle ISS logis-

tics mission (2A.2) into two flights. The first of these missions, 2A.2a, was

remanifested to perfi_rm FGB lifetime and maintenance tasks before SM arrival.

The secured, 2A.2b, was flown after delivery of the SM to perform SM outfitting

fi_r the Expedition One crew arrival. Thus, after a 2-year hiatus, FY 2000 was the

year NASA returned to the business of assembling the ISS.

On May 19, 2000, NASA launched STS-101 (flight 2A.2a) to ferry sup-

plies required by the Expedition One crew, as well as to replace electronics in the

Russian-built Zarya module. This flight extended Zarya's service life through

l)ecember 2000, accommodating the SM schedule slip from November 1999 to

July 2000. The SM provides propulsion capability, living quarters, and life support

fi_r the early 1SS crews. With the successfi_l SM launch on July 11 (flight 1R), the

floodgate opened, and assembly and further resupply missions followed at a rapid

pace. The SM docked with the orbiting 1SS on schedule 2 weeks later (July 25,

2000), fi311owed by the first Russian progress resupply mission (flight lP) on

August 6, 2000. Next, the STS-106 (flight 2A.2b) launched on September 6,

delivered supplies, and outfitted the SM in preparation for the assembly mission

STS-92 (flight _A), with the Z1 Truss and PMA-3 (Pressurized Mating Adapter)

on Octt3ber 5, 2000.

While the ISS Program was returning to the task of 1SS assembly, NASA's

ground teams spent much of FY 2000 preparing for future assembly missions.

NASA significantly reduced the amount of program risk by completing the first

Multi-Element Integration Test (MELT-1) early in 2000. MEIT-1 testing included

ISS Flights 3A-6A (early truss segments, multipurpose logistics modules, initial

power array, the U.S. Laboratory ("Destiny"), and the Canadian robotic arm, and

verified element-to-element and element-to.orbiter interfaces). The MEIT-1

ground team cumpleted the soft mate of power, avionics, and fluid connections

with flight connectors or jumpers. The ground team systems tests included com-

mand and data handling, communications and tracking, electrical power system,
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thermal contnd system, and guidance, navigation, and control testing. End-to-end

testing and mission sequence testing were completed in March, and critical U.S.

Lab softwa,'e-t_>software and hardware-to-software interfaces were verified as well.

With MEIT-I complete, MEIT-2 was able to begin un schedule in

Septelnber 2000. Like MEIT-1, this test was being perfi)rmed as close to the in-

flight c_nfiguration as possible, with actual hardware and software response. It

includes mission cuntrol-to-ISS interfaces, allowing engineers to validate opera-

tional flight plans and procedures. The test will include the mobile transporter, a

movable base of the Station's Canadian mechanical arm that allows it to travel

along the Station truss.

At the end uf FY 2000, all major ISS elements through the end of Phase II,

including the U.S. Laboratory and the U.S. Airlock had been delivered to NASA's

Kennedy Space Center, as well as the truss segments and solar arrays through flight

12A. Of the projected _91,000 pounds of U.S. ISS hardware, 275,000 pounds (70

percent) had been delivered to the Kennedy Space (;enter or placed in orbit by

the end of the fiscal year.

The Crew Return Vehicle (CRV) project continued its atmospheric vehicle

and parafi_it flight testing with a high success rate. The first of two 80-percent scale

atmospheric vehicles was modified to match the expected pr(}duction vehicle body

shape and completed a captive carry test attached t_} the wing of a B-52 in early

August. In September 2000, the fitll-scale parafifil completed its ft_urth flight test.

Pr_duction of the _perationa[ CRV'._ was expected to begin m 2002 with delivery

ont_rbit uf the first CRV m early 2006.

The ISS rese;trch program also made tremendous progress during FY 2000.

By the end of the fi>cat year, the l-{uman Research Facility and two EXPRESS

Racks, with subrack payloads, had been delivered to Kennedy Space Center and

were in final integration and test m preparation fi_r launch on [SS flights 5A. I and

6A. The third and fi_t,rth EXPRESS Racks completed final fabrication and assem-

bly and arc preparing fi+r delivery to Kennedy Space Center in early FY 2001 fi_r

latin_oh. _t'L 7A. l. The first three payloads were delivered to the ISS to begin on-

orbit _perations in late FY 2000. Crew training c_mtinued fi_r the first fimr

increments, and the payl_,ad operations support capabilities were delivered and

tested m preparation to support pay[t)ad operations beginning in FY 2001.



Inaddition,thefirsttwocommercial(reimbursable)agreementswerenego-

tiatedandsignedwithDreamtimeHoldings,Inc.,andSkyCorp,Inc.Thesetwo

commercial (reimbursable) payloads were targeted fi_r delivery to the ISS during

FY 2001.

The primary goal of the Space Shuttle Safety Upgrade Program continued

to be the improvement of crew flight safety and situational awareness, protect

people both during flight and on the ground, and increase the overall reliability of

the Shuttle system. To continue the accomplishment of this goal during FY 2000,

NASA continued working on improving existing Space Shuttle operational mis-

sion assurance and reliability through several safety and supportability upgrade

initiatives. To improve Shuttle safety, an effort was initiated to proactively upgrade

the Shuttle elements and keep it flying safely and efficiently, through FY 2012 and

beyond t_ meet Agency commitments and goals for human access to space. The

upgrades with the most benefit in decreasing Shuttle risk are the Electric Auxiliary

Power Unit (EAPU), the Solid Rocket Booster (SRB) Thrust Vector Control/

Auxiliary Power Unit (SRB/APU), and the Advanced Health Management

System (AHMS). A project to provide a Cockpit Avionics Upgrade (CAU) was

also approved fi_r program formulation to improve crew workload and situational

awareness and provide an enhanced caution and warning system. 1)uring FY 2000,

significant project formulation activities occurred for these fimr major upgrade

projects. Conceptual planning and project formulation was also performed fi_r sev-

eral smaller upgrade projects to improve not only safety' but supportability.

NASA began the Human Exploration and Development of Space (HEDS)

Technology/Commercialization Initiative (HTC1) to support future decisions by

developing and validating highly innovative new technologies that make possible

future revolutionary new systems and infrastructures of value to both human

exploration and the commercial development of space. During FY 2000, NASA

engaged a Nationwide team of innovators in the fi)rmulation of the HTCI, includ-

ing _ver 100 participants in two workshops as well as numerous derivative working

meetings. A broad fralnework fi_r planning was defined that involved six major

themes: space resources development; space utilities and power; habitation and

bioastronautics; space assembly, inspection, and maintenance; exploration and

expeditions; and space transportation. Within each of these themes, a range of

fi_cused technology "elements" were identified and prioritized, allowing a fidl
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assessment of NASA's ongoing programs in terms of how they support fllture

htunan/robotic exploration and development of space. FY 2000 program formula-

tion activities cuhninated in the definition of a program implementation plan,

including an innovative competitive solicitation strategy to be implemented,

heginning in FY 2001.

In summer of 2000, a new HEDS Strategic Plan was published, and for the

first time in many years, NASA described plans to develop capabilities that will

carry humans beyond low-Earth orbit. The new plan communicates the HEDS

mission, challenges, strategic goals, and strategic roadmap with time-phased objec-

tives for longer stays and more distant locations. In addition, the Strategic Plan

c'arefully and successfully balanced current political realities dealing with a major

human exploration effort with pursuing technology advances that will benefit the

commercial space industry and NASA's Enterprises.

During FY 2000, the NASA Exploration Team studied various mission

npproaches for expanding human presence beyond low-Earth orbit. Each of these

mission studies, referred to as an architecture, provides descriptive information of

the overall exploration theme and its derivation from and links to driving national

needs, including those articulated in the HEDS Strategic Plan. Example mission

architectures to the Moon, Sun-Earth Libration Points, Near-Earth Asteroids, and

Mars were developed during the study. The focus of the FY 2000 architectures was

to determine the existence of common capabilities and core technologies between

destinations. Specific key technologies and their resulting architectural benefits

were identified in the areas of crew health and performance, advanced space trans-

portation, advanced space power, advanced information, and operations. In

addition, the capabilities of the Intelligent Synthesis Environment (ISE) HEDS

Exploration Large-Scale Application were used by the design team to improve the

speed and quality of the overall study results. Key system and strategic improve-

mcnts to the ISE capabilities that can improve the exploration architecture study

process were identified.

The first HEDS payload designed for operation on the Martian surface was

completed in FY 2000. The Mars In situ propellant-production Precursor (MIP)

Flight Demonstration payload successfully completed all acceptance tests and was

certified ready for flight. MIP's principal objective is to demonstrate the produc-

tion of pure, propellant-grade oxygen using Martian atmospheric carbon dioxide as



feedstockinarobust,efficientchemicalprocess.WithNASA'scancellationofthe

MarsSurveyor2001Lander,MIPhasbeenplacedindefinitelyintoenvironmen-

tallycontrolledstorageattheNASAJohnsonSpaceCenter.

Therewere22U.S.ExpendableLaunchVehiclelaunchesinFY2000.Five

ofthe22launcheswereNASA-managedmissions,9wereDepartmentofDefense

(DoD)-managedmissions,and8 wereFAA-licensedcommerciallaunches.In

addition, NASA flew one payload as a secondary payload on one of the FAA-

licensed commercial launches. This year, two new launch vehicles debuted: the

Lockheed-Martin Atlas IliA and the Boeing Delta III, each serving as transition

vehicles leading the way for the new generation of Evolved Expendable Launch

Vehicle family of vehicles.

In June 2000, the NASA Launch Services (NLS) contracts were awarded

to Boeing and Lockheed Martin to enable access to space on the Nation's current

and future Atlas and Delta launch services. These contracts include onramps fi_r

new launch vehicle providers as they become flight demonstrated and will be key

contracts to address NASA launch requirements for the next decade. NASA also

initiated a study to assess domestic alternatives fi}r resupply and contingency mis-

sions to the 1SS, to augment current international launch commitments and the

Space Shuttle. The results of the industry studies are being used to fi)rmulate

Agency strategy for assuring access to space for the ISS throughout its on-orbit life.

In the area of space communications, NASA's Space, l)eep Space, and

Ground networks successfully supported all NASA flight missions and numerous

commercial, foreign, and other Government agency missions. Included were the

launch of ISS hardware (including the Russian Service Module), NASA's Terra

Earth Observation mission, GOES-L, planetary encounters, and the Galile_ space-

craft's encounters of Jupiter's moons. The Tracking and Data Relay Satellite-H

(TDRS-H) was also successfully launched, and checkout was initiated. The net-

works provided data delivery for all customers in excess of 98 percent.

The Consolidated Space Operations Contract (CSOC) completed its 21st

month of a 5-year basic period of performance. Operations support continued at

Johnson Space Center, the Jet Propulsion Laboratory, Goddard Space Flight

Center, Marshall Space Flight Center, and Kennedy Space Center. Customer oper-

ations are meeting, and often exceeding, contractual expectations.
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The Space Operations Management Office (SOMO)/CSOC commercial-

ization program made significant progress in avoiding costs by outsourcing space

communications data services to commercial providers. DataLynx, Universal

Space Network, and Konsbt,rg-Lockheed Martin were put under contract to pro-

vide data. The proportion of commercial Earth stations that support NASA

missions rose to 33 percent. These service providers are making investments to

establish the network, a cost that NASA avoids. Additionally, an Indefinite

Delivery Indefinite Quantity contract relationship was established with 14 com-

mercial firms qualified to provide both mission and data services.

Other significant activities included the automation of the orbit determi-

nation function fi_r most Space Network missions, implementation of an X-Band

uplink capability for the 70-meter antennas at Goldstone and Canberra, comple-

tion of the Mars communications infrastructure Phase A study, demonstration of

the Low-Power Transceiver, initiation of the Ka-Band Transition project for the

Space Network and Ground Network, completion of the White Sands Complex

Alternate Resource Terminal, and preparations for the launch of TDRS-I and

TDRS-J.

Finally, the development of a strategic and visionary architecture to support

future Agency communication and navigation needs was initiated. An Agency-

wide team was formed to investigate the architecture to address the evolution and

unification of the Space, Ground, Deep Space, and Wide Area Networks.

In FY 2000, NASA continued its commitment to safety fi_r the public,

astronauts and pilots, the NASA workforce, and high-value equipment and prop-

erty. NASA met its FY 2000 safety goal of 0.30 lost time incidents per 200,000

workhot, rs. The NASA Centers conducted their annual occupational safety and

health program performance evaluation assessments, which included a baseline

performance assessment for system safety. The NASA Centers used the results of

these assessments to develop plans for additional improvement in NASA safety

programs. Several additional Centers announced their intent to pursue Star certi-

fication, using the Department of Labor's Voluntary Protection Program

guidelines. NASA safety and mission assurance experts stepped up activities to

support the increased flight rate of the Space Shuttle and the construction and

permanent human habitation of the ISS, conducting the necessary assurance func-

tions and providing independent evaluation of flight readiness. In addition,

NASA experts assessed safety and likelihood of success fi_r Expendable Launch



Vehiclemissions,safetyofaviationoperations,impactoforbitaldebris,andsafety

andmissionassuranceconsiderationsin operationsandengineeringprocesses.

NASAinitiatedanewSafetyandMissionAssurance(SMA)reviewprocessfor

spacecraftlaunches,theIntegratedMissionAssuranceReview.Also,NASAmade

safetyandriskmanagementacompellingpriorityandanexpectationin theacqui-

sitionprocessthroughchangesto theNASAFederalAcquisitionRegulation

Supplementandanaggressivetrainingeffort.AllNASAsiteswerecertifiedunder
ISO9001in FY1999.In FY2000,NASApassedtherequiredauditsformain-

tainingitsISO9001certification.
FY2000did not beginwellfor NASA'sSpaceScienceEnterprise.In

December1999,NASAhadtodeclaretheMarsPolarLander/DeepSpace2mission

afailure,onlyafewmonthsafterthelossoftheMarsClimateOrbiterinSeptember.

Thefailureswereagreatdisappointmentto NASAscientifically,andtheyalso

servedasawake-upcalltotakealong,hardlookatitsMarsProgram.Aspartofthis
assessment,NASAconvenedseveralteamsofexpertstolookattheMarsprogram

fromtoptobottom.Theresultwasthatbytheendofthefiscalyear,NASAhad

unveiledanewandscientificallyrobustprogramforfiitureMarsexploration.

DespitethetwoMarsfailures,theSpaceScienceEnterprisehadmanysuc-

cesses,anditsprogramsdeliveredawealthofcompellingscience,includingMars

science.TheMarsGlobalSurveyor(MGS)deliveredalandmarkdiscoveryin the

historyofplanetaryexploration:scientistsusingimagingdatafromMGSobserved

featuresthatsuggesttheremaybecurrentsourcesofwateratornearthesurfaceof

theredplanet.TheimagesshowthesmallestfeatureseverobservedfromMartian

orbit,approximatelythesizeofasportsutilityvehicle.NASAscientistscompared
thesefeaturestothoseleftbyflashfloodshereonEarth.

FindingsfromtheNearEarthAsteroidRendezvous(NEAR)missioncon-

firmedthatasteroid433Erosisaconsolidated,primitivesamplefromthesolar

system'sbeginnings:anundifferentiatedasteroidwithhomogeneousstructure,that
neverseparatedintoadistinctcrust,mantle,andcore.NEARisthefirstindepth

studyofanasteroid.SinceenteringEros'orbitonFebruary14,2000,theNEAR

Shoemakerspacecrafthastakenmorethan100,000imagesandextensivemeas-

urementsofEros'composition,structure,andlandforms,atdistancesrangingfrom

22to220miles(35to350kilometers).

9
--n

-<

¢D

_a

G

>

<



10

ca

a,

_z

m.

©

.(

The Chandra X-Ray Observatory, launched in July 1999, has delivered a

wealth of science in its relatively short history. One Chandra highlight is that it

recently resolved a 37-year old mystery: the origin of the diffuse x-ray background.

The diffuse x-ray background was originally discovered by the first x-ray rocket

flight in 1967. The whole sky glows bright in x-rays, but until FY 2000, scientists

had lacked the sharp imaging power to see if the glow is all due to unresolved indi-

vidual point sources. Scientists now know that the glow is made up of discrete,

individually distinct sources. These faraway sources include quasars, galaxies, and

some mystery objects. The mystery objects shine brightly in x-rays but fail to show

up as counterparts in optical light. Therefi_re, at the end of the fiscal year, NASA

space scientists had no idea yet as to their nature or distance, except that they are

point-like s_urces of x-radiation.

During FY 2000, scientists gathered data from a variety of sources to prove

that l_ng-suspected theory that the universe is flat and accelerating. Combining

results from ground-based astronomy, the Hubble Space Telescope, and infrared

observations from the Balloon Observations for Millimetric Extragalactic

Radiation and Geomagnetics (BOOMERANG) balloon flight, scientists con-

firmed that the inflationary scenario of Big Bang cosmology is correct and that

space is accelerating, implying a new phenomenon in nature called "dark energy."

A week's advance warning of potential bad weather in space is now possible

thanks to the Solar and Heliospheric Observatory (SOHO) spacecraft. With a

technique that uses ripples on the Sun's visible surface to probe its interior, SOHO

scientists have, fl>r the first time, imaged solar storm regions on the far side of the

Sun, the side facing away from Earth. Understanding solar variability is becoming

an increasingly important topic both to researchers and to the public.

NASA's Transition Region and Coronal Explorer (TRACE) mission deliv-

cred more important news about our Sun. Giant fountains of fast-moving,

multimiltion degree gas in the outermost atmosphere of the Sun revealed an

important clue to a long standing mystery--the heating source that makes the

corona _00 times hotter than the Sun's visible surface. TRACE captured dramatic

images of the immense coils of hot, electrified gas, known as coronal loops. A 30-

year _ld the_ry assumed that the loops are heated evenly throughout their height.

The TRACE observations show that instead, most of the heating must occur at

the bases of the coronal loops, near where they emerge from and return to the solar

stlrface.



In Origins news, planet-hunting astronomers crossed an important thresh-

old in planet detection with the discovery of two planets that may be smaller in

mass than Saturn. Of the 30 extra-solar planets around Sun-like stars detected

previously, all have been the size of Jupiter or larger. The existence of these Saturn-

sized candidates suggests that many stars harbor smaller planets, in addition to the

Jupiter-sized ones.

Finding Saturn-sized planets reinfi_rces the theory that planets form by a

snowball effect of growth from small ones to large, in a star-encircling dust disk.

The 20-year-old theory predicts there should be more smaller planets than large

planets, and this is a trend the researchers have begun to see in their data.

In December 1999, the Hubble Space Telescope (HST) got its third visit

from a Space Shuttle. The crew of Discovery installed new gyroscopes and a new

computer and perfi)rmed a host of other upgrades. The result was that HST is now

more powerful and robust than at any other time in its 10-year history. It has con-

tinued to deliver the profi_und science and amazing images that we have come to

expect from the most famous space-based observatory in history.

There were many other space science highlights during FY 2000. The Space

Science Enterprise unveiled the details of two exciting new programs, the afore-

mentioned New Mars Program and Living With a Star, a comprehensive program

to learn more about our Sun and its effects on Earth. These new initiatives,

together with our existing research and exploration programs, bode well fi)r a con-

tinuation of exciting and ground-breaking new space science discoveries as we

enter the new millennium.

The Aerospace Technology Enterprise continued to pioneer the identifica-

tion, development, verification, transfer, application, and commercialization of

high-payoff aeronautics and space transportation technologies, and plays a key role

in maintaining a safe and efficient national aviation system and an affordable, reli-

able space transportation system. The Enterprise addressed 10 overarching

objectives in aviation, space transportation, and technology innovation through a

wide range of programs. This summary covers a small sample of significant accom-

plishments that will lead to improved aviation safety, increased air system capacity,

reduced environmental impact from aviation operations, new technology innova-

tions, and significant strides that were made toward achieving affordable space

access fi_r the Nation.
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In aviation safety, a major flight demonstration of technologies for prevent-

ing runway incursions was held at Dallas-Fort Worth International Airport.

NASA's Boeing 757 research aircraft was a testbed for auditory alerts and sophis-

ticated cockpit visual displays (e.g., elecmmic moving maps to show real-time

aircraft location on the airport runways, and head-up displays with enh;_nced

runway information and runway incursion alerts) to improve pilot situational

awareness. The integrated set of tools proved highly effective and will contribute

to the safety of future generations of aircraft.

NASA has continued an intensive research program to mitigate the effects

of icing on aviation safety. An interactive training program on CD-ROM has been

developed for pilots of commuter and general aviation aircraft as a result of NASA

icing research. Three of seven modules have been completed, teaching pilots the

factors inw_lved in aircraft icing and how to handle icing situations to avoid deadly

accidents. The program has been well received by pilots. The remaining modules

are expected by June 2001. In addition, NASA has also published a report entitled

"Ice Accretions and Icing E_ects for Modern Airfoils. "Prior to this effi_rt, the

NACA fi_ur-digit series airfoil sections, created in the 1950's, served as the state-

of-the-art. This report has significantly advanced the state-of-the-art in aircraft

icing-prediction tools by providing a broad base of infi_rmation about ice accre-

tions and the resulting effects on aerodynamic performance for airfoils being

designed and used on today's aircraft. The report documents ice accretions fi_rmed

over a wide range of aircraft icing conditions and resulting aerodynamic perform-

ance degradation fi)r airfoils as represented in three classes of aircraft--commercial

transport, business jet, and general aviation. It provides a database for develop-

ment of ice accretion and aerodynamic perfi_rmance codes fi_r use in the

development and application _f ice-protection systems and the process of certify-

ing aircraft for flight in icing conditions. NASA also has completed the concept

design fi_r a new ice management system to improve safety of aircraft operating in

icing conditions and to advance state-of-the-art, in-flight deck infimnati_n man-

agement and decision-making of onboard, in-flight icing operations. This will

increase aviation safety by enabling the aircraft to identify hazardous icing condi-

tions, manage and operate onboard ice protection systems, and provide flight crew

near-real-time information on level of hazard to manage the icing encounter.



NASAalsocontinueddevelopingthetechnologiesthatwillprovidecon>

pleteweatherinformationandsituationalawarenesstopih_tsandgroundoperators

ofanyatmosphericconditionthataffectstheoperationandsafetyofanaircraft.In

FY2000,NASAflighttestsdemonstratedcommerciallyreadygraphicalweather

displaysystemsthatwillnowenterinserviceevaluationswithmultipleairlines.

NASAalsodevelopedanddocumentedatheoreticalmethodologyfi_rpre-

dictingerror-vulnerabilityindesignofhuman-automationsystems.Inparticular,it

focusesattentionontheproblemofambiguitiesassociatedwithpilotinteraction

withcockpitautomation.Suchambiguities,whichdirectlyleadto so-called

"automationsurprises,"aredocumentedinmanypilotincidentreports.Thisreport

helpedtodefinethepreciseconnectionbetweena machine'sbehavior,thetask

specification,therequireduserinterface,andtheuser-modelfi_rensuringcorrect
andunambiguousinteractionbetweenauserandamachine.

Inaviationsystemcapacity,low-visibilityconditionscausedelaysofatleast

15minutesfi_r180,000flightsannuallyin theUnitedStates,whiledelaysinexcess

of 15minutesaffectanadditional120,000flightsannually.Costsassociatedwith

thesedelaysareestimatedin excessof $3billion.A majoraccomplishmentfor

capacityresearchwasthetransferto the FAA of three decision support tools fi_r air-

craft arrival and surface operations. The FAA is deploying the NASA-developed

Passive Final Approach Spacing Tool, Traffic Management Advis_r, and Surface

Movement Advisor t_}key sites in the national airspace system as part of its next-

generation air traffic management system. Airports with the tools in place have

already shown improvements in the capacity of their extended terminal areas.

A second accomplishment in aviation system capacity was the completion

of the Terminal Area Productivity (TAP) project, which developed ground and

airborne technologies to reduce lateral and in-trail space separations fi_r landing.

The goal is to safely maintain good weather operating capacity during bad weather

and low-visibility conditions. Several NASA technologies and operational con-

cepts were field-demonstrated at the Dallas-Fort Worth and Atlanta Hartsfield

airports. Together, the elements of TAP demonstrated throughput increases of up

tt_ 17 percent over current nonvisua] _perations f_r a sinvle runway, the ability to

land with only 2,500 feet of parallel runway separation even though current rules

require a lateral spacing of 4,300 feet, and guidance, control, and situation aware-

ness systems to reduce runway congestion while meeting FAA guidelines fi_r safety.
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In FY 2000, NASA completed tile development c_f "FutureFlight (._'entral"

which is a world-class research fi/cility dedicated to addressing the filture needs

of the Nation's airports. This facility will allow researchers to examine ways

to increase the flow of aircraft through the national airspace system safely, effi-

ciently, and under all weather conditions, and will permit integration of tomorrmv's

technologies in a risk-free simulation of any airport, airfield, and tower-cab envi-

ronment. The three-dimensional visual model of an airport is viewed from the

:_60-degree windows of the tower cab. Up t_ 12 air traflic controllers in the tower

cab interact in the live-action simulati_m through a simulated radio and teleph_ne

system with pilots and ramp controllers. The imaging system, pt_wered by super-

computers, provides a realistic view of weather conditi_ns, environmental and

seasonal effects, and thc movement of up to 200 active aircraft and gr_und vehicles.

NASA researchers cominued their efforts t_ mitigate both the local and

global environmental impacts of aviation operations. Building _n the accomplish-

ments of the past years, they have made significant advance._ in the reducti_n _f

aircraft noise and emissions. Last year, NASA successfidty tested m laboratory

flametube experiments, three fi_el injector concepts that achieved NO_ (nitrogen

oxide) reductions of greater than 75 perfect. In addition, NASA developed an

innovative compressor flow-control concept. It was developed by selecting an

inverse design technique fi_r _ptimum blade shape and shock placement and by

managing the flow between the blade tips and endwall (inner c_mapress_r truer)

with the proper matching of highly loaded stages. Application of these techniques

is reducing overall losses and enabling higher efficiency at higher aerodynamic

loading on the compressor blades. These techniques c_uld lead to c_m_pressor

designs with fewer stages and a system that is lighter weight, thus att'aming rex:o-

lutionary gains in compressor pertbrmancc. It is expected that these design

methodologies will result in attaining the goals c_f reducing CO: (carbon di_xide)

emissions and increasing ef}iciency of adv_mced aircraft engines. NASA als_

demonstrated "smart" turbo,nachinery c_)ncepts that have the potential to mini-

mize pollutants throughout mission cycle by activcty suppressing

thermoacoustic-driven pressure oscillations. Successful development of this tech-

nology will enable lean c(m_bustors that will result m the reducti_n of NO and

CO e throughout the mission cycle.

NASA also made significant strides toward its goals of confining aircraft

noise within airport boundaries. Over the past several years, NASA has identified

the sources of aircraft related noise and deveh_ped techn_logies tt) mitigate their



effect. Last year, NASA conducted a systems analysis that indicated a 7 decibel

(dB), with the potential of up to 9 dB, noise reduction from NASA-developed

component technologies fi_r large subsonic transport aircraft. These include a

reduction of community noise of 3 to 7 dB, depending on aircraft suitability from

engine cycle changes; 3 dB reduction from fan and stator geometry optimization;

3 dB from advanced low-noise engine nozzles; 2 to 3 dB reduction from engine

inlet shape; 1 dB from active engine noise control; 4 dB from improved design of

flap, slat, and landing gear systems; and 2 dB from advanced operations. Similar

advances have been made fi_r rotorcraft. The use of higher harmonic control, cou-

pled with a low-noise approach, resulted in a 16.5 dB reduction of peak blade

vortex interaction noise. NASA also demonstrated an active-control technology

that achieved a 23 dB reduction in rotorcraft interior noise.

In the area of technology innovation, NASA completed the low-altitude

testing of a solar-powered, Remotely Piloted Vehicle (RPV) aircraft that is

designed to fly to 100,000 feet in altitude or have a flight duration of 100 hours

once outfitted with high-performance solar cells. NASA also successfully demon-

strated continuous over-the-horizon control of a remotely piloted aircraft outside

of controlled airspace using commercial satellite networks. The aircraft flew a

series of direct commands from the ground station as well as a series of way point

sets. On one demonstration, the ground controller sent up a simulated search pat-

tern while the aircraft was over 200 nautical miles (nm) from base, and the aircraft

tracked the pattern perfectly. The flexibility of the system was demonstrated when

air traffic control directed a change from its planned altitude of 45,000 feet to

44,000 feet. The ground controller quickly uploaded a descent command to bring

the aircraft to the new altitude.

NASA also developed and validated an apparatus for large-scale rotor test-

ing in the National Full-size Aerodynamics Complex 80'x120' wind tunnel at

NASA Ames Research Center. This apparatus provides a unique national capa-

bility to test both helicopters and tiltrotors up to 50,000 pounds (lbs) thrust and

6,000 horsepower.

NASA's cooperative efforts to develop advanced engine technology to revi-

talize general aviation continued in FY 2000. Based on significant technical

progress with the NASA-developed General Aviation Propulsion turbine engine,

Eclipse, a new aircraft company, announced that it will utilize a derivative of this

engine fi)r the Eclipse 500 aircraft.
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In the area of space transportation, thermal protection materials may radi-

cally change the design and performance of future aerospace vehicles, overturning

the conventional wisdom that only bhmt-body aerospace vehicles can survive the

searing temperatures of reentry into Earth's atmosphere. The Slender

Hypervelocity Aerothermodynamic Research Probe's second ballistc flight test

successfully demonstrated performance of 1-millimeter (mm) radius, ultra-high

temperature ceramic tiles with leading edges at speeds greater than Mach 22 and

at altitudes greater than 43 kilometers (kin). The use of sharp leading edges on

hypersonic vehicles has the potential to increase spacecraft maneuverability (more

like an airplane), eliminate the electromagnetic interference that causes the com-

munications blackouts on reentry, and reduce propulsion requirements due to

lowered drag.

Between April and August 2000, a 10-kilowatt (kw) Hall eflect thruster,

designated T-220, was subjected to a 1,000-hour life test evaluation. Hall effect

thrusters are propulsion devices that electrostatically accelerate xenon ions to pro-

duce thrust. Hall effect propulsion has been in development for many years, and

low-power devices (1.35 kw) have been used in space fi_r satellite orbit mainte-

nance. The T-220 produces sufficient thrust to enable efficient orbital transters,

saving hundreds of kilograms in propellant over conventional chemical propulsion

systems. This test is the longest operation ever achieved on a high-power Hall

thruster (greater that 4.5 kw) and is a key milestone leading t_ the use of this tech-

nology for future NASA, commercial, and military missions.

Another accomplishment in space transportation was the completion of 14

single-engine hot fire tests of the X-33 program's Linear Aerospike Engine. The

unusual design allows the engine to be more efficient and effective than today's

rocket engines.

NASA also completed NASA Solar electric propulsion Technok_gy

Application Readiness (NSTAR) ground testing of the sister engine used fi_r the

Deep Space-I (DS-1) mission. The goal of demonstrating 100 percent of the

engine design life was achieved on May 9, 2000, after the engine had accumulated

10,375 hours of operation. Approximately half of the 10,375 hours were inten-

tionally spent at a throttle level corresponding to two-thirds of fill power. Prior

to the NSTAR project and over a timespan of more than 30 years, no ion engine

to be used fi_r primary propulsion had ever been successfully operated fi_r more

than a small fraction of its design lift'. The success o(these tests, t_gether with the



successof the flight test on DS-1, has now made ion propulsion a legitimate

option fi_r deep space solar system exploration missions.

NASA's Earth Science Enterprise (ESE) continued to seek to understand

the Earth system and the effects of natural and human-induced changes on the

global environment. ESE continued to exploit the vantage point of space to c_m-

duct research on global and regional scale changes in the interactions among the

atmosphere, land, oceans, ice, and life that comprise the Earth's system. Together

with its partners, ESE provides a sound, scientific basis for economic investment

and environmental policy decisions in both the public and private sectors. ESE's

three _oats m this period were to expand scientific knowledge about the Earth

system, to disseminate knowledge about the Earth system, and to enable the pro-

ductive use of ESE science and technology in the public and private sectors.

In December 1999, ESE launched the Terra satellite--the flagship mission

of the Earth Observing System. Terra is the first satellite to monitor daily, simul-

taneously and on a global scale, the Earth's biosphere, cloud cover, atmospheric

aerosols, land surface, and response to solar radiation. This approach enables sci-

entists to study the interactions among these major Earth system components that

determine the cycling of water and nutrients on Earth. One product is near-daily

measurements of photosynthetic processes on the Earth's surface (both land and

oceans) from which calculations of carbon uptake are made. Terra's instruments

were activated for science operations in February 2000 and continued to operate

normally. Data from Terra are publicly available from Goddard Space Flight

Center's Distributed Active Archive Center.

Using the Landsat 7 satellite launched in 1999, ESE and the U.S. Geological

Survey (USGS) completed the first update of the global maps of 30-meter resolu-

tion land cover data. Researchers undertook a variety of land cover studies around

the world with these data, and practical application of these same data are being

made in agriculture and forest management. NASA supplied both Landsat and

Terra data to the U.S. Forest Service and regional authorities combating the large-

scale fires that swept the Los Alamos region of New Mexico and the areas spanning

the border of Montana and Idaho in the Northwest in 2000. In addition, USGS

scientists used Landsat 7 data to provide a synoptic view of the landscape simulta-

neously with the outbreak of infectious diseases--most recently in the outbreak c_f

the West Nile Virus in New York City during the summer of 2000.
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The QuikSCAT satellite, also launched in 1999, began pr_viding 25-kilo-

meter resolution data on ocean surface winds. NASA provided these data to the

National Oceanic and Atmospheric Administration (NOAA) in near real time,

and researchers continued to employ these data to improve marine weather fore-

casting. The Tropical Rainfall Measurement Mission (TRMM) with Japan

completed its nominal 3-year mission to provide the first measurements of global

rainfall over the tropics. NASA managers extended tile lifetime of TRMM to sup-

port additional research. Combining data from QuikSCAT and TRMM,

researchers began experimenting with the capability to dramatically improve hur-

ricane landfall prediction.

The balance of Earth Observing System satellites such as Aqua, Jason,

ICEsat, and Aura proceeded in development in FY 2000 fi_r launch in 2001-2003.

In addition, a series of small, focused research satellites, which will provide the first

precise measurements of the Earth's geoid, continued in development.

In February 2000, NASA flew the Shuttle Radar Topography Mission to

produce the first interometric synthetic aperture radar data set from space. The

SRTM mission, cosponsored by the National Imagery and Mapping Agency, col-

lected topographic data on the entire land surface of the Earth between 60°N and

56°S. These data will have a wide variety of applications in hydrology, flood plain

mapping, civil engineering, and aviation safety. Germany and Italy contributed

the experimental X-band radar system for the mission.

In addition to its satellite observations, NASA continued to operate

research aircraft for in situ and remote sensing of the atmosphere and land surface.

In some cases, these aircraft are operated in tandem with satellites in integrated

research campaigns. In 2000, NASA flew its ER-2 aircraft into the North polar

stratosphere to explore the processes of ozone destruction over the Arctic.

Antarctic ozone processes are well underst_x_d; now for the first time, researchers

have similar data for the Arctic. In fall 2000, NASA led an international cam-

paign, Southern African Regional Science Initiative (SAFARI) 2000, to explore

the interactions of land and atmosphere in southern Africa. This campaign

mapped the appearance and transport of aerosols in the atmosphere resulting from

large-scale fires on the ground.

Three major airborne scientific campaigns fi_r research and validation of

satellite measurements were carried out during FY 2000. The Stratospheric



AerosolandGasExperiment(SAGE)Ill OzoneLossandValidationExperiment

(SOLVE)campaignwaso>nductcdtrom December 1999 to March 2000. SOLVE

was a field measurement campaign using NASA's ER-2 and DC-8 research aircraft,

high altitude balloons, and ground-based instruments to examine the processes

that c_>ntrol polar to midlatitude stratospheric ozone levels. The campaign

included cooperation wi_h Canada, Germany, Japan, Sweden, and Russia. The

SAFARI 2000 effbrt included gmtmd-based and airborne field campaigns in south-

ern African nati_ms, includin_ Bt_tswana, Lesotho, Malawi, Mozambique,

Namibia, South Africa, Swaziland, Zambia, and Zhnbabwe. The objective of the

campaign was to identify, and understand the relationships between the physical,

chemical, biological, and anthrL>pogenic processes that underlie the land and

atmospheric systems of southern Africa. Researchers made measurements during

the wet season (February-March 2000) to identify and quantify major sources of

emissions and ecosystem processes during peak biomass. The dry-season episode of

the campaign (August-September 2000) tracked the movement, transformations,

and fallout of dry-season emissi_ns from biomass burning. Finally, NASA's DC-8

aircraft carrying the NASA airb_)rnc synthetic aperture radar (A1RSAR) instru-

ment, the Moderate-res_lution hnaging Spectroradiometer and Advanced

Spaceb_rne Thermal Emission and Reflection Radiometer MODIS/ASTER

(IvlASTER) simulator, and other instrumentation flew from August to October

2000 m the Pacific Rim. This campaign, called PacRim II, revolved extensive data

collections over 18 countries, with NASA's aircraft operating out of American

S'am_a, Australia, French P_/yncsi'a, Guam, Japan, New Zealand, the Philippines,

and Singapore befi_re returning to the United States. The objective was to filrther

advance Earth science research and applications in all the countries involved,

specifically: in the areas of a_riculture, c_)astal processes, geology and tectonics, dis-

aster management, fi_restry and vcgetati(m, urban and regional development, and

continued ct>(_peration in Synthetic Aperture Radar (SAR) data and interferome-

try research. T_pographic mapping, fi)rest canopy analysis and mapping, w)lcano

and tectonic research, geological research, and archaeology were all made possible

with the data collected during the PacRim 11campaign.

T_gether with the Canadian Space Agency, ESE initiated the second

Antarctic Mapping IVlission using the Radarsat-1 spacecraft to produce radar topo-

graphic maps _f the south D_lar ice sheet. Researchers planned to compare these
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data with those from the first Antarctic Mapping Missi_n in 1997 to establish rates

of change in diverse portions of Antarctica.

Regarding knowledge dissemination, ESE distributed 8.8 million data prod-

ucts m response to 1.5 million requests during the fiscal year. More than

distributing data, however, NASA continued to try t_ ensure that these data are

used broadb/to improve Earth science education in the United States. ESE spon-

sored 340 workshops to train teachers in the use of Earth science infi_rmation

products in their curricula. NASA also awarded 51 new graduate fellowships.

ESE's third goal is the final step toward ensuring the benefits of its new sci-

entific knowledge will extend beyond the science community to the broader

economy and society. Through its Commercial Remote Sensing Program, ESE

partnered with private companies in the remote-sensing information product busi-

ness to develop 20 new products, such as oilspill containment software, models t<_

predict wildfire behavior, and crop health information systems. ESE sponsored

three U.S. regional assessments of the impacts of climate change, in concert with

academia and regional authorities, to help them plan fi)r the future. Finally, ESE

demonstrated the ability of new technologies to make kandsat-type measurements

fi_r less expensively in the fimJre and transferred new software technologies to aca-

demia and industry to manage large Earth science data sets.

After the end of FY 2000, NASA established a new Enterprise called the

Bioh_gical and Physical Research Enterprise (BPRE) from the former Office of Life

and Micr_gravity Sciences and Applications. For convenience's sake, this report

will refer to this office as BPRE.

During FY 2000, BPRE executed a memorandum of understanding with the

National Cancer Institute fi_cusing t}n new approaches to detect, monitor, and

treat disease. This cutting-edge effort uses biological models tc_ develop medical

sensors that will be smaller, more sensitive, and more specific than today's state of

the art. The Enterprise established a pricing policy fi_r a commercial demonstra-

tion prt_gram on the iSS and entered into tw_ initial commercial agreements.

In FY 2000, BPRE continued t_ develop a robust scientific community to

maximize return from future flight opportunities including the International Space

Station. BPRE made awards under six NASA Research Announcements (NRA)

in FY 2000 and built its investigator community to approximately 960 investiga-

tions as part of continuing preparations fi_r ISS utilization. BPRE researchers



publishedover1,400articlesinpeer-reviewedjournalsin FY1999,withsimilar

publicationratesexpectedfi_rFY2000.

WhileBPREresearcherscompletedpreparationsfortheirnextdedicated

spaceflightresearchmission,BPREground-basedresearchcontinuedto provide

importantresults.Investigatorsdemonstratedthatmusclehealingisinhibitedbya

periodofsimulatedmicrogravitybefi_reinjury. Investigators also identified a key

gene in the regulation of plant growth and the response of plants to gravity iden-

tified. BPRE research also showed that a parathyroid hormone modulates the

response of bone-building cells to mechanical stimulation. A BPRE-supported

researcher demonstrated that it is possible to amplify a beam of atoms, similar to

the way a beam of light can be amplified, by increasing the number of atoms in an

initial atom beam with light and a Bose-Einstein condensate. Researchers filbri-

cated single-wall carbon nanotubes using flame synthesis.

In addition, BPRE made significant pro_res.s toward developing new,

advanced life-support technologies and improved approaches fi_r maintaining

health in the hostile environment of space. BPRE completed utilities outfitting of

its new BIOplex closed life-support test chamber system. Researchers produced the

next ;eneration of tunable diode lasers and continued testing of an advanced

miniature mass spectrometer for monitoring spacecraft atmospheres. Ground-

based research designed to simulate spaceflight demonstrated that the clinically

approved drug, midodrine, prevented human orthostatic intolerance (or fainting

on return t_ gravity). BPRE research implicated elevated levels of nitric oxide and

decreased blood vessel contraction, thus identifying a target for the control of

bl_od presstire changes associated with spaceflight.

BPRE's Space Product Development Program continued to market the ben-

efits of space-based research to industry, facilitate industry's access to space, provide

space research expertise and flight hardware, and adw_cate the commercial use of

space. The program continued to be executed through Commercial Space Centers

(CSC) that established industry partnerships with the objective of developing new

commercial space products or dual-use technologies. The industry partners contin-

tied to invest substantial cash and/or in-kind resources in the projects.

There were a number of highlights of this CSC work during FY 2000. The

Wisconsin (.'enter fi3r Space Automation and Robotics CSC received a Space

Technology Hall of Fame 2000 Award from Space Foundation/NASA for innova-

tive light-emitting diode (LED) technology fi_r medical applications. Originally
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used to light space-flown plant chambers, the LED technology is finding uses m

ph¢_todynamic cancer therapy and wound healing. Bristol-Myers Squibb (BMS)

continued its strategic partnership with BioServe Space Technologies CSC on

microgravity fermentation research for improved production of antibiotics. BMS

and BioServe have had an ongoing collaboration on this research fi_r several years

and this research partnership was expected to continue on the ISS. Hewlett-

Packard (HP) signed a membership agreement with the Center fi_r Commercial

Applications of Combustion in Space (CCACS) CSC. HP scientists in Colorado

will work with CCACS scientists to develop techniques fi_r in situ imaging of bone

in-growth into porous ceramic implants. They and several other groups are part-

ners in the CCACS biomaterials consortium. Two companies joined the Center

fi_r Advanced Microgravity Materials Processing (CAMMP) as full members:

P_laroid Corporation and Busek Co., Inc. Researchers built a system to explore the

growth of silver halides and began testing at CAMMP.

During FY 2000, NASA continued its international activities, expanding

cooperation with its partners through new agreements, discussions in multilateral

fi_r;1, and support fi_r ongoing missions.

NASA concluded over 60 cooperative and reimbursable international

agreements for projects in each of NASA's Strategic Enterprises. These agreements

include ground-based research, aircraft campaigns, satellite missions, and agree-

ments for research facilities and experiments to be flown on the ISS. One such

agreement was a Memorandum of Understanding (MOU) signed between NASA

and the Japanese Institute of Space and Astronautical Sciences fi_r cooperation on

the ASTRO-E mission, the fifth in a series of Japanese astronomy satellites

devoted to observations of celestial X-ray sources. Another was a NASA-

Australian Commonwealth Scientific and Industrial Research Organization MOU

fi_r cooperation on Australia's first satellite mission called Federation Satellite or

FEDSAT. NASA will provide a scientific instrument fi_r this experimental

microsatellite to be launched in 2001. In addition, the ISS partners approved a

Crew Code of Conduct fi_r the ISS, paving the way fi_r a permanent human pres-

ence. This Code of Conduct was called for in the lntergovernmental Agreement

and Memoranda of Understanding for the 1SS. Agreement on the text was reached

m September 2000, fi_llowed by steps taken in each partner nation to enter it into

force.



As part of the U.S. (]overnnlent tCaln, NASA _nlinued it_ discu_h_ns

with the ¢3ovemment of Japan to clarify the 1995 United Sl:ne_-Jap',m (_ross-

Waiver Agreement on Space Activities. The (_ross-\Vaiver Agreement ensures

that Japan and the United States agree to waive liztbility claims tot cooperative

U.S.-Japan space activities.

NASA participated in numerous internati_)n'al meetings desim_cd to review

ongoing or to foster new cooperation. These included the (_'ommittee _n Earth

Observing Satellites (CEOS) annual p[enary meeting:, the United Nati_ns

Committee on Peaceful Uses of Outer Space and it> ,ubcommittccs, and the Inter-

Agency Consultative Group fi_r Space Science. NASA and P_rtuvi.d held a

workshop in Lisbon during December 1999 to exchange mt_.,rmation with the goal

of identifying opportunities for cooperation. In May 2000, NASA hosted _l Space

Science International Partnership Conference to exchange information on future

plans fi)r space science programs at which 20 spacc agencies participated.

NASA also cngaged in discussions with current and potent i:_I futme p:ut-

ners at the Senior Management level, hosting visitors from _m_und thc world. In

addition, the NASA Administrator traveled oversea.s to review the st:ltus of ongo-

ing cooperation or to promote new cooperation. In .May 2000, tht' NASA

Administrator gave a keynote address at the GNSS (GI_,Nd Navigation Satellite

System) 2000 conference m Edinburgh, Scotland, as part of a seri_.s ,_t mlnounce-

ments by the U.S. Government concerning the President's decisi_,n to terminate

selective availability on the GPS signals effective at midnight on May 1, 2000.

The Administrator traveled to Rome and Padua, [t_dy, m June 2000, where he

received an honorary doctorate from the University of Padua and held mectinv,,

with the Vatican and the Italian Space Agency. The Administn_tor led a NASA

delegation to the launch of the first elelnent o1 the li_ternational Space S,tation,

the Zvez&l Service Module on July 12, 2000, from the Baik_nur launch tacility in

Kazakhstan. In August 2000, the A&mnistrator visited M_rocco where hc signed

fi_ur new agreements fi_r cooperation with the Royal Remote Sen_,ing (_entcr of

Morocco,. These agreements pn_vidc l;._r the installation el ml AoI_>_] B._d_otic

Network aerosol measurement station in Morocc_ nnd c_opcr;ni_n on c,,astal

upwe]ling ecosystems, precipit'ati_n rescarch, and de,_crtificati¢_n resemch In late

August and early September, the Administrator accompanied a U.S. ¢, _ngrcssi_nal
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delegation, led by Congressman James Walsh of New York, Chairman of the House

Appropriations Subcommittee to France, Russia, and Ireland.



DEPARTMENT OF

DEFENSE

DoD

In the area of satellite control, the DoD, together with NASA and the National

Oceanographic and Atmospheric Administration (NOAA), developed a comprehen-

sive architecture for filture Satellite Operations (SATOPS) in the 2020 timeframe. The

SATOPS Architecture Transition Plan includes conducting launch, early-orbit check-

out anomaly resolution, and low data rate operations, using a single interoperable

ground- and space-network for DoD, NASA, NOAA, and the National

Reconnaissance Office (NRO). This Government network allows for increased inter-

operability' and reduced ground infrastructure. Towards this goal, the Air Force Satellite

Control Network began upgrading its remote tracking stations to be compatible with

Unified S-Band (USB), the band in which NASA conducts its own satellite operations.

In terms of environmental monitoring, the National Polar-orbiting Operational

Environmental Satellite System (NPOESS) is a tri-agency program of the Departments

of Defense and Commerce (IX)C) and NASA. In FY 2000, the NPOESS Integrated

Program Office (IPO) awarded two system program definition and risk-reduction con-

tracts. In addition, the IPO continued critical contract down-select activities for the

suite of environmental sensors that will fly on NPOESS. The NPOESS Preparatory

Project (NPP), an IIO and NASA joint mission, continued to progress in FY 2000. A

joint EX_D/NOAA/NASA working group conducted a successful mission requirements

review on the way to the 2005 NPP launch.

DoD, NASA, NOAA, and other Federal agencies completed a Space Weather

Architecture Transition Plan which received National Security Space Senior Steering

Group (NSS SSG) approval during FY 2000. The plan outlines actions and activities

which will start the implementation of the recommendations from the comprehensive

1999 National Security Space Architect Space Weather Architecture Study over the
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I/CXt _evert/l y¢;irs, part ;)f _hict_ is the (}ovemment's multia_ency invesm_ent strategy.

_tIi_ >Itk]y laid OtlI the >tl'UCttll'C fi_l" a space weather architecture to meet all U.S.

(]o\cmmcnt requirements and mitigate the adverse impacts of solar events by the },ear

2025. The' N SS SS(-, vm :_n Architecture Implementation Mem_randum, directed

st:,kuh_lder t_rgani:ations and :_gencies to start implementing actions.

The IX_I) successfidly l:nlnched the Tri-Service Experiments Mission 5

(TSX-5) _n a Pegasus launch vehicle in FY 2000. The TSX-5 mi._sion operates two

e?,.perill/tql[;tl p_lyload_ tier 6 months to 1 year in support of two [_._D Space Experiments

Review Board expcrinlcnls. The two experiments are the Space Technolo_. 3' Research

\Z'hicte-2 (STRV-2) and the (:,_mD_ct Envm_nmental Anomaly Sensor ((.'EASE).

STR\"-2 is a multinational, highly integrated suite of experiments designed to push the

envelope _f space-ba_ed imaging technolo_,_/, satellite vibration suppression, and mate-

fiat science. STRV-2 i., sponsored t W the Ballistic Missile Defense Organization. CEASE

is an envir;_nmental scanner, providing the spacecraft with essential knowledge atx_ut

the surrounding space. ('.EASE used this flight to prove its near-spacecraft environ-

mental assessment c:wtbilities. Phillips I.aN}ratory Geophysics LaN_ratory sponsors

('.EASE.

The [X'_D, via the I.;.S. Air Force, also successfidty launched Defense

Meteor_,logic'al Satellite Progr'am Satellite 15 (DMSP S- 15) from Vandenberg Air Force

Base, ('.:dit;_mia, Ol_i{__]_tan l[ I3,oster in FT 2000. This DoD D_lar-orbiting weather

sntellite mission will ultimately converge with NOAA's polar-orbiting mission to fi_rm

NPOESS. S- 15 is the first DMSP satellite whose Ix)st-launch checkout was conducted

irom NOAA's Satellite Operations (:_ntrol (]enter in Suitland, Mar_qand. Previous

I),klSP p,_stl:umch checkouts were conducted from (_"utt Air Force Base, Nebraska.

l.:>t xe_r, a_ parr of the merger designed to promote efficiency and cut down public

expense, the ['_o['_transk'rred ct,ntr_d of its weather satellites to NL-)AA and closed the

(_th ,qpnce (')perations Squadron at (3ffutt after nearly 35 years of continuous operations.

The Air Force Reserve now _perates a backup DMSP command and control ti_cility at

Schrk'x'e_ Air Force Base, Colorado. NOAA's Suitland fi_ciliw is now the primal, loca-

tion fi_r providing functions associated with command and control of all U.S. weather

satellites, including _'arly t_rbit checkout fi_llowmg launch operations, satellite state-of-

health maintenance, and satellite sensor and payload management.

In the area _,fspace-I_ased communications, programs achieved several key mile-

st_l_CS ip. E¥ 2000 with sevcr'al launches and major progrannnatic decisions. The first



DefenseSatelliteCommunicationsSystem(DSCS)satelliteequippedwiththeService

LifeEnhancementProgram(SLEP)packagewaslaunchedinJanuary,2000.Thesecond

offourwassuccessfullylaunchedinOctober2000.Thesesatellitesrepresentasignifi-

cant increasein capabilityoverthe DSCSIII satellites,withhigher-powered

transpondersandgreatertotalsystemcapacity,uptoa200percentincrease.Regarding

thehighlyprotectedSatComsystems,[X_D will be accelerating the first satellite in the

Advanced EHF satellite system to mitigate the loss of the the Milstar Flight 3 satellite

in April 1999. For mobile communications, the UHF Follow-On (UFO) 10 satellite was

launched in November 1999, ensurin_ the UFO constellation will continue to provide

global UHF coverage well into the future.

In the area of positioning and navigation, as directed by President Clinton,

Selective Availability (SA) was discontinued shortly after midnight on May 1, 2000.

The currently planned Global Positioning System (GPS) modernization program will

add new military signals (known as the M-code) and a second civil signal to some Block

IIR and all Block IIF satellites, and will add a third civil signal on the Block IIF satel-

lites. Since SA was discontinued, horizontal position errors of less than 10 meters have

routinely been observed. Worldwide transportation safety, scientific, and commercial

interests benefit from the increased accuracy.

Plans were put in place fi_r a significant investment over the next several years

to modernize GPS to enhance its ability to meet both military and civil needs fi_r the

fi)reseeable future. The currently planned GPS modernization program will add new

military, signals (known as the M-code) to Block IIR and IlF satellites, a second civil

signal on IIR satellites, and a third civil signal (L5) on IIF satellites. Since the GPS mod-

ernization program will address l_th military and civil requirements, a Memorandum of

Agreement (MOA) was signed with the Department of Transportation. This MOA

provides fi+r formal civil participation in the m_emization activities.

The Secretaries of Defense and Transportation jointly signed the latest revision

of the Federal Radionavigation Plan. This plan outlines future policies for Government-

provided mdionavigation services for the foreseeable future and is updated biennially.

The Department completed a Presidentially mandated Broad Area Review that

resulted from the three consecutive launch failures of the Titan IV system in 1999.

Several of the resultant recommendations have been completed with the remaining

items at various stages of completion.

In September 2000, DoD also restructured its Evolved Expendable Launch
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Vehicle (EELV) program to include additional risk-reduction eflbrts. It increased tech-

nical personnel to provide Government oversight of critical processes. In April 2000,

contractor-defined Critical IXesign Reviews fi)r EELV systems were c_mlpletcd. In

August 2000, DoD completed and received approval from the Department of State to

support importing of technical drawing and manufacturing processes required to support

U.S. coproduction of the RD-180 engine, still awaiting approval from tile Russian gov-

ernment for license to export required documentation.

The interagency report on Future Management and Use of U.S. Space Launch

Bases and Ranges was released on February 8, 2000. This report identified several key

recommendations that have been incorporated into near-term plans of several agencies,

including l)oD, DoT, DoC, and NASA.

The Dol) successfully launched 12 satellites using the Pegasus, Minotaur, Delta,

Atlas, and 7_tan IV vehicles. The DoD successfully demonstrated the Minotaur lat,nch

system in Janua_" 2000. The Minotaur is a derivative vehicle using c_mlponents of the

Minuteman II vehicle.

In the areas of intelligence, surveillance, and reconnaissance, the Space Based

Infrared System (SBIRS) made significant progress toward fielding tile fi_llowon system

to the Nation's Defense Support Program (DSP) missile launch early warning satellites.

SBIRS is fielded in three increments. The technical difficulties in 1990 that had set

back the transition to a new mission control station have been resolved. Tile program

is now on a clear path to declaring an initial operating capability tbr tile "SBIRS

Increment 1" in November of 2001. increment 1 consolidated the DSP's overseas

ground stations located in Europe and Australia, with the old U.S. ground stati_n into

a single mission-control station located at Buckley Air Force Base, C_lorad_. Tile _x.'er-

seas sites were replaced with minimally staffed relay ground stations in order to realize

savings in stuffing, operations, and maintenance. The addition of tile SBIRS High com-

ponent, also known as "SBIRS Increment 2," has made significant progress in detailed

design work for the key components of the system.

The Highly Elliptical Orbit (HE()) sens_r payload, and the mobile multimission

processors, lx_th passed successfill critical design reviews, paving tile way to Begin fabri-

cation of HE() flight payloads and SBIRS mobile ground stations. The 1)aD also

conducted requirements definition and trade studies fi_r SBIRS low.

An integrated l'_l) Intelligence, Surveillance, and Reconnaissance (ISR) capa-

bility advanced considerably in 2C'k'X)_with tile publishing of the ISR Integrated



CapstoneStrategicPlan.Thisplanaffectslx}thspaceandairt'_)mecollectionsystems

andtheirgrot,ndprocessingandexploitationsegments.

TheDoDSpaceTestProgram(STP)contim_edits35-yearlegacyofenabling

futureDoDspacesuperiority.STPhadsixlaunchesduringFY2000,includingthree

majorsatellitemissions,usingfourdifferentboostersplustheSpaceShuttle.Oneofthe

majormissionswasTri-ServiceExperiments-5,whichcarriedaBMI_X)payloadthathas

alreadyproventheabilitytodetectfromspacenonafterbumingthreatssuchascruise

missiles.The Multi-Spectral Thermal [mager satellite was launched by STP in a part-

nership with DoE; it is now demonstrating state-of-the-art imaging technology for treaty

m_nitoring, lx_mb damage assessment, and battlefield intelligence. The Air Force

Research Lab and STP collaborated on the Mightysat II.1 mission. That spacecraft is

proving the utility of an experimental hyperspectml imager on a low-c{_st light satellite.

DoD also completed an extensive review of the Space Control Missk_n Area and

began the implementation of several of the recommendations from the review that the

Depuw Secretary of Defense had directed. Tile primary area of emphasis was in space

surveillance with the designation of the Air Force as the lead system integrator. The

space conm)l technology effort within the Air Force continued to identify and develop

critical technoh)g_' to meet I_D requirements.

The successfully completed Space Control Broad Area Review that was directed

by the Deputy Secretary of Defense resulted in 26 specific taskings in 5 major areas:

space surveillance, space system protection, space prevention, space negation, and oper-

ations. Efforts contint, ed to supervise and track tasking accomplishments. Completion

and approval _f the results of the Space Surveillance Task Force (SSTF) was one of the

significant accomplishments.
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FEDERAL AVIATION

ADMINISTRATION

FAA

The FAA continued in its mission to assure a safe, secure, efficient, and environ-

mentally friendly civil air navigation and commercial space transportation system.

During FY 2000, the agency performed and sponsored research and development

programs to enhance the effectiveness of its mission; issued regulations and guide-

lines for better flight standards, operations, and maintenance; and provided

equipment and training for a modernized air traffic control system.

During FY 2000, the FAA and NASA signed the "FAA-NASA Integrated

Safety Research Plan," a guide fi>r future research collaboration between the two

agencies. This plan builds on existing safety research initiatives. It introduces the

ability to analyze the combined research portfolios in a simple, easy-to-understand

format, including making needed programmatic adjustments. It describes how

both NASA and FAA will achieve ongoing communication and coordination

with respect to safety research in pursuit of common safety goals. This plan pro-

vides the framework to enable both agencies to make complementary, coordinated

investment decisions.

In FY 2000, human factors scientists conducted research to enhance the

safety and efficiency of the National Airspace System (NAS) through improved

performance of air carrier crews, general aviation pilots, aviation maintenance

technicians, air traffic controllers, and NAS system maintenance technicians. The

agency conducted aeromedical research with a focus on improving the health,

safety, and survivability of aircraft passengers. The aviation medicine research pro-

gram continued to support the 5-year National Institute for Occupational Safety

and Health cabin environment study ordered by Congress. Research was con-

ducted to address the FAA's goal fi3r an equivalent level of safety for all aircraft
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occupants with targeted areas including seats/restraints for infants and small chil-

dren, and side-facing seats in corporate aircraft. Researchers continued to

investigate the nature of in-flight ,nedical emergencies and the use of defibrillators

on commercial flights.

During the past year, the air carrier-training program conducted Line

Oriented Safety Audits to collect data on antecedents to crew error, errors (includ-

ing errors made in automation usage), and responses to error. Air carriers

continued to use the results to understand crew performance, develop training pro-

grams, and analyze accidents and incidents. The model used in this program is an

integral part of the Aviation Safety Analysis Program, a confidential reporting

system that flight crews use to report incidents to their carriers. The air carrier-

training program also conducted research to collect and analyze data regarding the

relationship between simulator platform motion and its impact on training effec-

tiveness. The general aviation research program produced two CD-ROMs that

focus on preflight and inflight decisionmaking. Taken together, these training

tools help to make pilots aware of methods to improve their judgment by devel-

oping personal strategies to control risk. Aviation maintenance research designed

and delivered to air carriers a job aid, providing best practices fi)r the design, pro-

duction, and use of technical information with recommended incorporation of

simplified English.

In FY 2000, the FAA initiated new research to adapt the military's Human

Factors Analysis and Classification System to assess aviation incidents and acci-

dents. This project is integrated with a research project on human error by

EUROCONTROL, a body established to harmonize air traffic in Europe. Research

also addressed human-factor issues in runway incursions and completed a congres-

sionally ordered review of the effect of fatigue and shift patterns m the air traffic

control workforce. A new booklet entitled Hun_m Factors fi_r Air Traffic Contrail

Specialists: A User's Manual for Your Brain, provides helpful infi_rmation on

memory, pilot/controller communication, and threats to perfi_rmance. The Human

Factors program continued to enhance the perfi_rmance of screeners tlm_ugh the

development of Threat hnage Projection software. This software, which is fi_r both

carry-on and checked baggage, improves screener training and enhances aware-

ness. The program developed a networked Screener Readiness Test to be used in

support of the proposed rule for the Certification of Screening Companies.



DuringFY2000,theFAAreleasedanupgradedversionoftheEmissions

andDispersionModelingSystem(EDMS3.2).EDMSisdesignedtoassesstheair

qualityimpactofairportemissionsources,particularlyaviationsourcesconsisting

of aircraft,auxiliarypowerunits, and ground-supportequipment.The

EnvironmentalProtectionAgency(EPA)hasformallyacceptedEDMSasthepre-

ferredair qualityguidelinemodel--EPA'shighestranking.EDMSis FAA's

requiredmodelto perfi_rmair qualityanalysesfi_raviationsources.TheFAA

begandevelopmentof a modeling System fi_r assessing Aviation's Global

Emissions (SAGE). The SAGE model is planned as a forecasting system with a

global aircraft emissions module as its main component. The FAA, in cooperation

with the EPA, NOAA, and NASA, developed a fac_ sheet on condensation trails,

or "contrails," that are fi_rmed by aircraft in flight, describing the formation, occur-

rence, and effects of"contrails." Also, the FAA released an upgraded version of the

Integrated Noise Model (INM 6.0). INM is the FAA's standard tool for assessing

aircraft noise in the vicinity of airports; this is the most widely used model of its

kind in the world.

in FY 2000, the FAA continued in its mission to develop and deploy prod-

ucts that prevent explosives, weapons, and other threat material from being

introduced on to aircraft. Major areas of concentration included certification test-

in_, checked and carry-on baggage screening, using bulk and trace explosives

detection, human factors, aircraft hardening, Aviation Security Technology

Integration (ASTI), and airport deployment of systems by the security equipment

integrated product team. The Aviation Security Laboratory (ASL) conducted cer-

tification tests on the InVision CTX 9000Dsi Explosives Detection System (EDS)

production unit and the L3 examiner :_DX 6000 unit. Both systems passed agency

tests. Bulk detection research included additional work in quadrupole resonance

and x-ray diffraction techniques. The ASL evaluated 2 new Explosives Trace

Detection (ETD) models that are now deployed at over 170 locations.

Other activities in FY 2000 included development of quality control stan-

dards fi_r deployed ETD systems. As an alternative fi_r EDSs at smaller airports,

ASL conducted an evaluation of directed trace. This inw)lves x-ray identification

,if target items _o be directly screened by trace systems. As a follow-on, the ASL

initiated the Argus program fi_r the development of a lower-cost EDS. This system

would also be automated and have the same performance requirements, except fi)r

33

m

..<

Na

o

G

>

e2

<

m



34

ca

ca

m

ca

_c

©

ca

m;

ca

.,.a

ca

<

lower throughput. In the area of personnel screening, three ETD portal prototypes

and the evaluation of two bulk detection portals were completed. The ASL eval-

uated several large cargo inspection systems and a large bulk EDS fi_r break-bulk

cargo.

The agency also established an explosives standard system (Trace Personnel

Standard-Dry Transfer Method) enabling the evaluation of emerging explosives

trace detection technology. In addition, the FAA completed the screener selection

test assessment and fielded 6 perceptual and cognitive tests at 18 major U.S. air-

ports. The objective was to develop a screener aptitude test to predict future

performance of checkpoint security screener candidates. The FAA provided over

250 copies of the BlastFX software tool to Government agencies. Blast/FX is a self-

contained software package that can be used to model and analyze the effects of a

blast on facilities. The FAA also conducted two Radio Frequency identification

(RFID) Baggage Tag trials in conjunction with United and Continental Airlines.

The tests provided critical operational perfi_rmance infi:_rmation to support airline

efforts to develop an international standard fi_r RFID Baggage Tag use.

In FY 2000, the Aircraft Hardening Program conducted a series of explosive

tests on B-737 and B-747 aircraft under pressurized conditions fi_r the purpose of

refining the vulnerability criteria fi_r carry-on luggage. The program evaluated

hardened luggage containers following flight trials. Blast tests with containers

holding mail also were completed. The ASTI Program is developing a Systems

Security Architecture which looks at the integration of a total airport security

system. Work continued on the Airport Security Construction Guidelines project

to provide a ready reference for security issues in new airport construction or for

major renovations. The SEIPT deploys equipment at our Nation's airports. This

fiscal year, 24 EDS's and 118 ETD's were installed, in addition, 476 TIP Ready X-

ray (TRX) systems were procured for future installation.

During the fiscal year, the agency worked with the aviation industry to

update the National Airspace System Plan through the year 2015. The plan is

based on the "Free Flight" operational concept in which pilots may choose the

most efficient and economical routes to their destinations. The agency continued

to acquire new automation systems _or the national airspace system by installing

the Host and Oceanic Computer System Replacement at its 20 air traffic control

centers and 3 oceanic centers. The system provides information on aircraft move-



mentsthroughoutdomesticandoceanicairspaceandisfasterandmorereliable

than thepredecessorsystem.The agencyalsodeployedtheDisplaySystem

Replacementto8enroutecenters,replacing30-year-oldequipmentandprovid-

ingenhancedcapabilityto displayaircraftposition,identification,andweather

information,aswellasto monitorandcontrolsystemequipmentandsupport

plannedenhancementstotheairtrafficcontrolenvmmment.

Followingthesuccessftdusein FY 2000 of a system called the Surface

Movement Advisor, which optimizes vehicular activity on airport pavement, the

FAA made two major upgrades to its User Request Evaluation Tool (URET) at the

Indianapolis and Memphis air route traffic control centers. URET provides con-

trollers with automatic contlict detection, trial planning fl_r assistance with conflict

resolution or user requests, conformance monitoring of current flight trajectow, and

some electronic flight data capability. FAA and NASA researchers also continued

joint efforts on air traffic management systems that will enhance the capacity and

et_iciency of the national airspace system and enable Free Flight Phase 1. In addi-

tion, Air Traffic Control/Airway Facilities research, through collaboration with

NASA and the Volpe National Transportation Systems Center, continued assess-

ing the impact of shared separation procedures in a Free Flight environment on

pilot anti controller perfi_rmance, workload, and situation awareness.

The Sate Flight 2t program, a joint Government/industry initiative

designed to validate the capabilities of advanced communication, navigation, and

surveillance, as well as air traffic procedures associated with free flight, began

demonstrating Automatic Dependent Surveillance-Broadcast (ADS-B) technol-

ogy. In July 2000, 25 aircraft from the Cargo Airline Association, the FAA,

avionics manutacturers, universities, the U.S. Navy, and NASA participated in a

flight dcm_mstration to begin testing ADS-B. UPS Aviation Technologies Inc., a

subsidiary of United Parcel Service, demonstrated its proposed avionics equipment

in Bethel, Alaska. As a result of that test, the FAA awarded a $3.9 million c<m-

tract to UPS Aviation Technologies fi_r state-of-the-art avionics systems,

installation kits, terrain databases, ground-based transceivers, an avionics-training

simulat_r, and training assistance.

The FAA continued progress toward implementation of the Wide Area

Augmentation System (WAAS) that will provide availability, integrity, and accu-

racy fi_r the Global Positioning System (GPS) to be used fi_r en route navigation
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and precision civilian navigation. During the fiscal year, the agency completed a

series of Category I precision approach test flights at Iceland's Keflavik Airport,

using signals from both the FAA's WAAS testbed and the United Kingdom's

Northern European Satellite Test Bed. The FAA leased three ground reference

stations and a master station to the Chilean government for flight testing satellite

navigation in Chile. The Chilean government <_utfitted an aircraft with a GPS

receiver to fly precision and nonprecision Category 1 Instrument Flight Rules

(IFR) conditions at the Arturo Merino Benitez International Airport in Santiago.

With support from the Civil Aviation Authority of Singap_re, the FAA also

installed and tested a WAAS test reference station at Singapore Changi AirD_rt.

in FY 2000, the FAA developed and installed in all FAA, DoD, and National

Weather Service Next-Generation Weather Radar (NEXRAD) systems, an

advanced algorithm that detects tornadoes early in their development and shows

where they will move. The agency installed on the prototype Integrated Terminal

Weather System at the Orlando Terminal Radar Control a convective growth and

decay forecast product, which not only predicts thunderstorm movement, based _m

the storm's track, but also includes the effects of storm growth and decay.

The FAA transferred to industry its Weather Support to Deicing Decision

Making (WSI)I)M) system, a stand-alone integrated display system developed in

response to industry's need for accurate, local weather data to plan and conduct

airport deicing operations. The FAA began using the system at LaGuardia Airport

in New York City. WSDDM uses Doppler radar, surface weather station data, and

snow gauges located at and near the airport tc_ determine precipitation type, tem-

perature, wind speed and direction, and the liquid water equivalent of snow. The

agency, in conjunction with industry, installed the first commercial infrared deic-

ing facility at Newark International Airport in New Jersey.

The agency continued its development of a centralized database of these

icing conditi_ms and acquired data from several foreign locations, including South

America, in order to facilitate a better understanding of worldwide Supercooled

Large 1)roplet (SLD) icing conditions which affect aircraft flight safety. Also, the

FAA sponsored investigatory efforts to assess the time of effectiveness of aircraft

deicing fluids during various freezing precipitation conditions and, in conjunction

with Transport Canada and industry, provided time of effectiveness infi_rmation in

a set of holdover time guidelines which are used by airlines worldwide.



During the fiscal year, the FAA and NASA expanded integrated cfMrts to

reduce the fatal commercial accident rate by 80 percent by the year 2026. As part

of its safety efforts, the FAA continued advanced research activities in a number

of critical aviation safety areas. Based on stringent fire text criteria developed by

FAA researchers, the FAA issued two major regulatow changes in FY 2000 regard-

ing aircraft thermal acoustic insulation. An airworthiness directive requires the

replacement of insulati{m blankets in over 700 aircraft. Also, a Notice of Proposed

Rulemaking proposed new insulation tire test criteria which address both intlight

fire resistance and postcrash tirol fire burnthrough pr{+tection. The FAA's ti+cus t)n

gr_}und-based measures for fi_el tank explosi_m prevention was b{}lstered I'3' the

findings of a detailed cost analysis completed in FY 2000 that demonstrated the

c_}st-eftcctiveness of this concept.

In partnership with the Naval Air Systems Cotnn]at-Rt and the Office _t

Naval Research, the FAA began development uf Arc Fault Circuit Breake,s

{AF('B) which wilt replace thermal circuit breakers currently in use. Unlike ther-

mal breakers, AFCB's can detect electrical arcing and rapidly remove power t_} the

affected circuit, drastically reducin._ the chances of fire and related damage. AF(.T;

prot{_t_/pcs were succcssfidly tes{ed aboard the FAA F_-727. Also,, m support of the

A_in_ Transport Systems Rulelnakin_ Advisory Committee (ATSRAC), the FAA

completed intrusive wiring inspections _f six recently retired transport aircraft.

Researchers removed samples from the aircraft and subjected them to an extensive

battery t}f lak_ratory tests.

In October 1999, the FAA William J. Hughes Technical Center subjected

a fully instru|nentcd narrow-b{)dy transport airplane fl_selagc section with an on-

b_+ard confi}rtnable auxiliary fuel tank to a vertical drop itnpact tcst. P{,stcrash

fuel-fed fire is a major contributor to the fatal accidcnt rate. The {}bjective of the

test was to determine tire interactit_n between a typical transport airphme fusclave,

particularly its fl{+or structure, and this type v,f tueI tank under severe, but surviv-

able, impact c{}nditions.

The agency completed constructi{}n of the full-scale Aircraft Structural Test

Evaluati{}n and Research fitcility which is being used to test fuselage panel speci-

mens under conditions representative of those seen by an aircraft in actual

operation. In FY 2000, the FAA released a c_}mputerized design tool, the Repair
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Assessment Procedure and Integrated Design for Commuters (RAPI[X:), that will

improve the safety of airframe structures of commuter-size airplanes by imple-

menting damage tolerance analysis techniques. The release of RAPlDC is m direct

support of the agency's Notice Of Proposed Rulemaking on aging airplane safety.

Also in FY 2000, the agency released a software code called Design

A_>e_sment of Reliability with Inspection that is designed to improve the struc-

tural intet.,rity of turbine engine rotor disks used in commercial aircraft engines by

assessing rotor design and life management. The FAA and the Helicopter

Association International developed and released a Web-based Maintenance

Malfunction Information Reporting system which allows helicopter operators and

repair stations to fi, lfill FAA Service Difficulty Reporting requirements and create

n_anu_acturer warranty claim _\_rms. Researchers at the Airworthiness Assurance

(:enter of Excellence located at the FAA Technical Center completed a first-

gener_ltioP,, PC-version of XRSIM, which simulates radiographic (X-ray) mspec-

tk_n ,_f aircraft components and is used during the development of inspection

tm_cedures to optimize radiographic inspections. The agency also developed the

Wcl_-t_'ased Air Personnel Module of Safety Pe_ormance Analysis System, which

expedites the Aviation Safety Inspector's activities in the areas of certificatk_n,

recertification, surveillance, and investigation by providing readily accessible

int_nnation from a variety of data sources and highlighting important infi_rmation.

In May 2000, in cooperation with the rotorcrat} industry, the FAA released

the Rotorcraft Damage Tolerance R&D Roadmap, identifying 10 critical research

areas tt) support the implementation of damage tolerance requirements in the

design m_d certification of rotorcraft components. In June 2000, the FAA con>

pleted the integration of the U.S. Army, National Transportation Safety Board

(NTSB), and FAA rotorcraft accident/incident databases. It also utilized several

mining technologies to perfi_rm problem identification and countermeasure eval-

uation l_r rotorcraft.

The FAA and several Title 14 Code of Federal Regulations (CFR) Part 121

air carriers developed a system engineering model of the generic fi,nctions of air

c:u',ier operations, the Air Carrier Operations System Model (ACOSM), Versi_n

1.0. The ACC)SM serves to support a systems approach to aviation safety oversight

since it was used in the development of safety performance measures, risk indica-



tors,anddataobjects;workprocessestosupportthecollectionofdataforanalysis;

andanalyticalmethods,includinginformationpresentation.Themodelalsopro-

videsacommondefinitionof aircarrierprocessesandterminologyto promote

understandingofaircarrieroperationalactivitiesandfunctions.

InOctober1999,theFAAandtheBoeingCorporationcompletedthefirst

setoffull-scalepavementresponsetestsat theNationalAirportPavementTest

Facilitythatwasdesignedtoprovidehigh-quality,acceleratedtestdatafromrigid

andflexiblepavementssubjectedtosimulatedaircrafttraffic.Full-scaletraffictest-

ingstartedinFebruary2000.

TheFAA establisheda VideoLandingLoadsFacilityat AtlanticCity

InternationalAirportwherehigh-resolutionvideoimagesoftypicallandingsare

recorded.Researchersanalyzeddigitizedimagestoobtainlandingcontactparam-

eters,suchassinkspeed,velocity,pitch,roll,andyaw.Thisfacilityprovidestypical

usagedatatocharacterizethelandingloadenvironmenttorawidevarietyofair-

planemodelsinbothgoodandbadweatherconditionsatthisairport.At theend

ofthefiscalyear,over800videoimageshadbeencaptured.

TheFAA publishedits initial commuterairplaneOperationalLoads

Monitoringreport,"StatisticalLoadsDataforBE-1900DAircraftinCommuter

Operation."TheoutputfromtheOperationalLoadsMonitoringresearchprovides

validationfor airframecertificationrequirementsandadvisorymaterials.This

researchindependentlyassessestheoriginalequipmentmanufacturers'design
assumptionsandaircraftusageanalysis.Alsoin FY2000,theFAApublishedan

OperationalLoadsMonitoringreportfortheB-767ERairplane.

InconjunctionwithSandiaNationalLabs,theFAAcompletedareliabil-

ity studyof aninterlayercrackinspectiontechniquecommonlyusedonolder

aircraft.Thestudyfoundthattargetflawsizesaround0.2 inches were not being

found reliably. Briefings with industry and the Aircraft Certification Office have

led to efforts to reassess specific inspection requirements. FAA sponsored research

that resulted in development of a new nondestructive testing technique and a pro-

totype, the Meandering Winding Magnetometer. This technology has been proven

to be superior to other techniques for finding cracks in areas of engine disks, which

have experienced fretting damage. In addition, the FAA with Sandia National

Labs, Textron, and Federal Express personnel installed composite doubler repairs

on two DC-IO aircraft in the FedEx fleet. This is the first use of bonded compos-
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itw d:_ublcrs ',_>petmat_ent rcp:lirs her skin ,t;mmf:.c in commercial aircraft. Also,

during the fiscal year. FAA with Iowa _qrate University developed a prototype

setniautonmted rap tc_t system with im_lging capability and turned thi_ system over

tt_ it+tduslry h_r beta testing.

The initial research e|}-ort I,y the FAA's Airwurthiness Assurance (]enter of

Excellence t_ invc>ti_atc copper and silver sulfide deposits un fuel qtv, mtity indi-

catitln systems (such ns wh_lt 'apparently c_ntributed to the TWA flight 800

accident) was completed :rod a rep_+rt issued. The dep_sit growth mechanism has

been clmracterized and repruduced in the [abor',m_ry, 'and ignition of fuel across the

repn_duccd dep(_sits with 1)(+" current has been demonstrated in the ]ab_ratory.

Research on the risk ;iri>ing from an uncuntaincd engine failure has resulted

in the rele:_se _+f a beta version el: the unct+rttained engine debris damage assess-

tnec_t model. This s,+ttware tt+t+l utilizes engine fragment trajectory data derived

froth ncttm] events to predict the risk to an aircraft's critical flight systems.

Rcsearchcrs continued to evaluate veneric airplane designs with this tool m sup-

port of :m /\viation Rulemaking Advisory Committce.

in FY 2000, the FAA i,,,,ued a Wildlife C,,ntrol Manual that pruvides means

tL_ mitigate the wildlife threat. This Itml:ual is based _n extensive research over the

l_st l0 vcars.

In FY 2000, the FAA and the general aviatiol: industry cl_ntinued their col-

[:d,omtivc effurts tee find a new fuel h+ tcp[:_cc current [cadcd aviation gasoline.

The FAA n31c is it';tiny and uvalu_mn,.z of industry-supplied fuels. FAA', piston

CFtgil'tC testing capability was significantly upgraded at the William J. Hughes

Technical Center with the mtdition _,t a new dynam, m:eter and control system, as

w__'II :ts _ temperature/humidity c_,nditioned air supply fi_r the main test cult. These

itnprt,vcntet_ts will enable m,>re timely resp_nses ten the p'art of FAA as new fi_el

ti+rmulati_+ns are provided ti.+r cvaluatiot:. Testing t_egal: _+n an experimental fuel

f_nnul:_tit+t_ supplied ]w Exx_t: [¢csc:uch.

FAA's (}t}ice of (]_mmmrcial Space Ttm_Sl-_+rt',_tion licensed two successfid

space Imlncbes by Sc_I Launch durin,.z the fiscal veer. These were the first licensed

launches witla,ut any inx'¢+lvement tttm_ _ F¢_IeI-:/1 lmtnch range. C)\'erall, there

were 18 launches durin,,, the fiscal year rb:tt were FAA licensed a> c:mm_ercial,

ahhough 2 were tailure,. The a_encv :ds_, issued a launch operator license to

_.3rbita] .'Qict:cus (iotpor:ttit,t: t_+r thc tir>t c:mm_ctci:d launches _'rt+tn Kwajalein



MissileRangeoperatedbytheU.S.Army in the Marslmll Islands, 'and renewed

five launch operator license>.

The FAA and NASA signed a Memorandum of l_jnderstanding (_v,ncerning

Future Space Transportation Systems which descril_cs file FAA/NASA coopera-

tive activitie> that will be c_lndtlcted tinder the category of Future Space

Transportation Systems and Rcu>able Launch \:chicle (RI_V) Dchnology,

Research, and [levelopment. Also, ,he :,_ency and its (;ommercial Space

Transportation Advisory Committce released the 1999 Commercial Space

Transportation Forecasts, which projects an averave total of 51 commercial space

launches per year thr_ugh 2010, "an incrc_Jsc of over 40 percent (roln the }6 c_m>

mercial launches conducted worldwide m 1998. In addition, lhc _gency issued

final rules on financial responsibility requirements i_._r licensed launch activitics

at_d commercial trar_sp_ttati{m l iccr3sing rc_t_l;_ti_m. FA a _ls_, isscrcd N_ticc_ _,f

ProD_scd Rulcmaking on commercial space transp_rtation reus:_bte launch vehicle

and reentry licensing regulation, licensing :nd >al;:ty requirements tier _perati_n ot

a launch site, and financial responsibility requirements t¢_, licensed ,ecntry activi-

tits. Also in FY 2000, the FAA published : draft Pr_,rammatic Em'ir, mmemat

Impact Statement/br Commercial Launch Vehicle Pr_qnams as part of its rcsponsil,il-

it': zan_Jer the Nariona) Em'ir_mmc_raJ Policy Acr.
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In FY 2000, the DoC engaged in a wide variety of activities that filrthered U.S.

interests in aeronautics and space, including satellite operations and licensing,

technology development, civilian and commercial space policy support, and trade

promotion. The National Oceanic and Atmospheric Administration (NOAA)

was involved in many space activities. In September 2000, NOAA's National

Environmental Satellite, Data, and Infi_rmation Service (NESD1S) launched the

Nation's newest polar-orbiting environmental satellite, NOAA-16, from

Vandenberg Air Force Base in California. it replaced the 6-year-old NOAA-14

and improves weather fl_recasting and monitoring of environmental events around

the world. In the United States, NOAA's National Weather Service uses the data

primarily for long-range weather and climate forecasts. It is the second m a series

of 5 polar-orbiting satellites with improved imaging and sounding capabilities that

will operate over the next 10 years. The direct broadcast, on a free and open basis,

of Advanced Very High Resolution Radiometer (AVHRR) instrument data pro-

vides imagery to scientific, commercial, and educational groups throughout the

world. In addition, the search and rescue instruments on NOAA-16 will continue

to support a global community that has established ground stations that "listen" fi_r

distress beacons relayed through the NOAA polar and Russian Cospas satellites.

Also, new development of microwave instrumentation from NOAA-15 has

enabled NOAA short-term weather fi_recasting and warning programs to measure

moisture in the atmosphere fi_r identifying conditions conducive to heavy precip-

itation.

Geostationary Operational Environmental Satellite (GOES)-I 1, launched

on May 3, 2000, was stored in orbit, ready to replace GOES-8 or -10, which arc

stationed at 75 degrees east and 135 degrees west, respectively. If one of them fail_,
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GOES-11 can be put int_+ service without delay and provide expected delivery _t

data within 2 days of activation. (](.'_ES-8 c_ntinued to _werlook the East Coast uf

North and South America and out _ver the Atlantic Ocean. GOES-10 c_,nt inued

to overlook the West Coast and _*ut over the Pacific (.)cean, it_cludmv Hawaii.

Similar to the other operational GC)ES, (]OES-11 will be used to monitor Earth's

atmo>phcre and surface to _upporl NOAA's forecasting and warning programs.

Ft,ll_wing the launch and tustinv of the spacecraft, NOAA developed capability

to princess and disseminate the new data stream.

As part of NOAA's share _f convergence of 1")o(" and 1-)oD meteorological

satellite progr'ams, NESDIS continued to _,perate the Defense Muteurulogical

Satellite Program (DMSP) satellites. During the course of the year, five DMSP

satellites provided atmospheric, ocean, and space weather measurements to oper-

ational fi_recast centers. In part from these satellites, NESDIS' data centers

c_mtinued to provide usefitl new pr_ducts fi_r public and Government use. The

National Geophysical Data Center (NGD(.') used lights seen in DMSP images

rec_rded at night to monitor possible power problems during the Y2K transition

from December _,1, 1_,'99, to January t, 2000. DMSP data were ',d_o used, fi_r the

first time, to support _ve:_ther torecasts fi_r the Olympic Games in Australiu. 1)MSP

nighttilne imagery also was used to monitor wildfires in remote areas itl Asia and

middle Atnerica. N(+I)C also provided input on the near real-time tr+,msmittal ot

DMSP low-resolution Operatic+hal Linescan System (OLS) data to Singapt+re for

use in the Prugratn to Address ASEAN Regi_nal Transbt>undary Smoke (PARTS).

tn addition, C)[.S data transmittal to Singapore commenced in March 2000 o11 a

daih' basis.

The Director uf NES1)IS' National Climatic I)ata ('.enter (NC[)('.) was a

coaut[l_,+r t',f a chapter on climate variability and change in a rep¢>rt of the

lnterv_>vernn+cnt_d Panel on Climate Change. Publication of the fined report is

expected to _ccur in May 2001. NCD(2 also continued its activities m clim'atc

monitoring by providing leadership in overseeing, a_ lead editor, the World

Meteorological C)rganization (WMO) (.bade re)Climat+;bgical Practices and in o+_>r-

dinating the WMO Global (:limate Statement.

NOAA, m c_llaboration with the U.S. Coast Guard, U.S. Air F_rce, and

NASA, ct3ntinued t_ lead the national Search and Rescue Satellite-Aided

Tracking (SARSAT) and the intcrnati_>nal Cuspas-Sarsat programs. The



SARSAT program uses search and rescue payloads on NOAA and Russian satel-

lites to detect emergency beacons used by aviators and mariners in distress. In

FY 2000, the SARSAT program contributed to the rescue of 227 lives. Since its

inception in 1982 over 11,000 lives have been rescued as a result of the Cospas-

Sarsat System. In October 1999, Cospas-Sarsat decided to phase out by 2009

satellite processing of 121.5 MHz emergency signals in response to international

guidance, in favor of emergency beacons operating at 406 MHz.

In FY 2000, NOAA repositioned the surplus spacecraft GOES-7, which was

launched in 1987, to 175 degrees east longitude. This was done to support the Pan-

Pacific Education and Communications Experiment by Satellite (PEACESAT)

program, which is a public service satellite telecommunications network that links

educational institutions, regional organizations, and governments in the Pacific

Islands region. The PEACESAT program, a partnership with the University of

Hawaii, uses a NOAA command and telemetry processor that is no longer needed

to operate the newer GOES satellites.

Within NOAA's Office of Oceanic and Atmospheric Research (OAR), a

number of aeronautics and space activities occurred within the Space

Environment Center (SEC) in Boulder, Colorado. The SEC provided real-time

monitoring and fi)recasting of solar and geophysical events, conducted research in

solar-terrestrial physics, and developed techniques for forecasting solar and geo-

physical disturbances. SEC's Space Weather Operations Center is jointly operated

by NOAA and the U.S. Air Force and serves as the national and global warning

center for disturbances that can affect people and equipment that operate in the

space environment. This past fiscal year, the SEC continued to upgrade physics-

based numerical models, which are used to produce operational space forecasts.

The center also won a Hammer Award from Vice President AI Gore as part of the

initiative for reinventing Government for its work incorporating data obtained

from its sensors on NASA satellites into its operational forecasts and disseminat-

ing these data on the World Wide Web. The SEC also improved its Web site to

distribute space weather information to interested users. It has the only full-time

space weather forecasting office in the world, and the forecasts are crucial to the

telecommunications industry, astronauts, power companies, weather satellite oper-

ations, and users of GPS. The SEC disseminated to the public the first real-time

images of the magnetosphere/ionosphere response to changing space weather con-

ditions. These images will enable new research and development activities that
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will lead to improved space weather monitoring and predictive capabilities.

Additionalh/, OAR continued to use the wide range of satellite data tin,ducts

developed by NOAA and other agencies. Scientists continued to use these prod-

ucts in the fields of oceanography, air quality, water resource management, severe

storm prediction, and climatology. Also, the NESI)IS GOES and P_lar-orbiting

Environmental Satellite (POES) instruments monitored changes in the near-Earth

space environment due to bursts of energetic particles and fields from the Sun.

During a peak in solar cycles, GOES and POES measurements made critical c_m-

tributions to space weather forecasts. Finally, m anticipation _f improving weather

monitoring and prediction, OAR continued using GPS with meteon_logical obser-

vations, including COSMIC (occultation) and the use of ground-based GPS sites

Continuously Operating Reference System (CORS) to continuously measure the

_-D distribution of precipitable water vapor in Earth's atmosphere, to continuously

measure total electron content in Earth's long,sphere, and to monitor other space

weather phenomena.

NOAA continued its international activities and cooperation over the

course _f FY 2000. In particular, NESDIS inw_lvement with activities associated

with the CL_mmittee L_n Earth Observation Satellites (CEOS) contributed to the

establishment of the ad hoc Disaster Management Support Group (DMSG). The

objective of the group is to maintain momentum for activities in disaster manage-

ment support and to move toward the demonstration of coordinated space agency

responses and development of suitable response models. The Director of NESDIS's

Office of Satellite Data Processing and Distribution (OS1)PD) chairs the group.

NESD1S also hosts the Secretariat in support of the DMSG. In September,

NESDIS presented its activities in Earth obserw_tion education and training at a

meeting and workshop of the CEOS ad hoc Working Gnmp on Education and

Training in Dehra Dun, India. This group is assessing technology trends and the

consequent need fi_r Earth observation education and training--especially in

developing countries. In addition, NOAA provided continued support t_ the

CEOS Working Group on Infi_rmation Systems and Services and worked with the

National Institute of Standards & Technology (NIST) to organize a working group

meeting fi_r the CEOS Calibration-Validation Working Group.

NOAA's CEOS involvement at the 5th Integrated Global Observing

Strategy (1GOS) Partners Meeting contributed to progress on theme c_mcept

development. NESDIS' Oceanic Research and Applications Division Chief par-



ticipatedontheteam that developed a prototype Oceans Theme, which NASA

produced as a brochure. NESDIS, earlier in the year, had indicated its readiness to

contribute to development of operations for follow-on Jason altimetry missions.

NOAA scientists are participating in the development of 1GOS Coral

Reef/Coastal, Global Carbon Cycle, and Water Cycle Themes.

Throughout FY 2000, NESDIS responded to requests from the White

House, U.S. Department of State, U.S. Agency for International Development

(USAID), and in some instances, the United Nations or foreign governments, to

provide data or infi_rmation products for assistance in responding to various stages

of disaster. The response activity included floods in Mozambique, Venezuela, and

Viemam; wildfires in Bolivia and Ethiopia; and drought in central Asia and the

horn of Africa. NESDIS continued to support multiyear projects that are funded

by USAID to work with colleagues in Brazil and Bolivia on satellite-derived wild-

fire applications. NESDIS was further inw_lved in implementation of Hurricane

Mitch recovery and development activities in Central America with the countries

of Belize, Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua, and Panama.

NESD1S continued to play an important role in a number of interagency and

international disaster-planning activities, such as the Subcommittee on Natural

Disaster Reduction (SNDR), which is under the White House Committee on

Environment and Natural Resources (CENR). At the request of USAID, NESDIS

continued to participate in the U.S. Government-sponsored Hurricane Mitch

reconstruction and development project in Central America. NESDIS' participa-

tion was part of a Department of Commerce initiative that inw_lves installation of

a regional satellite ground receiving station in Costa Rica. In addition, funding has

been obtained to install a network of satellite display systems in six additional

countries in Central America to display and analyze GOES satellite data and prod-

ucts from the Costa Rica ground station. This is meant to enhance access to, and

use of, GOES satellite imagery by the national meteorological and hydrological

agencies in Central America fi_r weather and flood forecasting, and also disaster

preparation, management, and mitigation. As requested by USAID in Brazil,

NESDIS continued to work with the government of Brazil, using satellite imagery

to detect wildfires that threaten the Amazon rainforest.

NESDIS staff gave presentations at the Third International Conference of

the Global Disaster Information Network (GDIN) held in Ankara, Turkey. On
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April 27, 2000, President Clinton signed an Executive Order that established

GDIN activities within the United States and affirmed a commitment to support

international GDIN activities. The Executive Order designated NOAA, the U.S.

Department of State, and the Office of the Vice President as cochairs of an inter-

agency committee to implement GDIN throughout the U.S. Government.

NESDIS continued to serve an important role for support and implementation of

GDIN.

The pace of NOAA's commercial remote sensing licensing work accelerated

in FY 2000 and proved to be the busiest ever for such activities. NESDIS approved

five foreign partnership agreements and six amendments to current licenses. In

August 2000, NOAA issued its much-awaited new private remote-sensing regula-

tions that provided the regulated community with increased transparency and

predictability in the licensing process. The year also saw a major focus on outreach

activities, with the Assistant Administrator meeting twice with NOAA licensee

CEOs to discuss issues affecting the industry. This included hosting a Senior

Executives Forum on Commercial Remote Sensing in conjunction with the

United States Space Foundation and the National Space Symposium. Finally, the

RAND Corporation conducted a commercial remote-sensing industry-wide risk

assessment that will offer an objective view of the technical, regulatory, and

market risks confronting this nascent industry.

NOAA's National Ocean Service (NOS) continued to use both remote

sensing technology and the Global Positioning System (GPS) to meet its mission

of mapping the national shoreline, producing airport obstruction charts, and mon-

itoring and analyzing coastal and landscape changes. In its use of remote-sensing

applications, the office has benefited from the development of high-performance,

low-cost workstations and the advent of digital imagery, which has revolutionized

the evolution of three-dimensional surface models and other derived products

(such as orthophotographs) in support of NOAA's coastal mapping and airport

survey programs. In FY 2000, NOS's National Geodetic Survey (NGS) collabo-

rated with the U.S. Air Force to complete a high-resolution, three-dimensional

mapping project at Cape Chiniak on Kodiak Island in Alaska. The goal was to

explore the use of digital photogrammetric techniques of digitized aerial photo-

graphs for the production of a LEVEL-5 digital topographic elevation data product,

in an area with complex terrain. NGS has demonstrated that photogrammetric

procedures can deliver with ease, high-resolution digital surface model data that

are accurate to the submeter level.



NGShastraditionallyusedonly airborne photography for mapping mis-

sions. The advent of high-resolution, space-borne imagery is useful for precision

(better than 5 meters) mapping projects. Beginning in FY 2000, NOAA/NGS

acquired SPIN-2 data (a trademark for Russian digital ortho-rectified, geo-coded

imagery data) with a resolution of approximately 2 meters, acquired from

Microsoft's TerraServer. This server is an online database that offers free public

access to maps and aerial photographs of the United States through partnership

with the U.S. Geological Survey. NGS used this data to assess the need to acquire

high-resolution, metric-quality photography over specific areas under their Coast

and Shoreline Change Analysis Program. Such updated information will be used

to aid m updating nautical charts produced by NOS's Coast Survey. Additionally,

IKONOS and Indian Remote Sensing (IRS} satellite data, acquired from Space

Imaging, are used in conjunction with SPIN-2 data. IRS 5-meter-resolution satel-

lite data also was acquired to access shoreline mapping for Charleston, South

Carolina.

Currently, Airborne Visible and Infrared Imaging Spectrometer (AVIRIS)

data are being assessed for shoreline mapping, coastal change detection, and air-

port obstruction charting. This past year, the AVIRIS sensor was flown in the

NOAA Twin Otter, which was the first low-altitude operational use of this sensor.

The results provided 2- and 4-meter resolution. The integration of the image data

with GPS and inertial navigation technologies enabled NASA Jet Propulsion

Laboratory engineers to construct high quality scenes for NOAA.

Light Detection and Ranging (LIDAR) was tested in a wide variety of appli-

cations including assessing storm damage to beaches, mapping the Greenland ice

sheet, and measuring heights within forest timber stands. NGS explored the pos-

sibility of integrating LIDAR into the production of shoreline mapping and

airspace obstruction charts.

The NGS continued to evaluate the use of RADARSAT data to delineate

shorelines. In addition, NGS experimented with satellite-based Synthetic

Aperture Radar (SAR). Since SAR is largely unaffected by the presence of dense

cloud cover, it can offer substantial benefit to acquisition of data for shoreline

mapping in areas such as Alaska.

The largest effi_rt fi_r NGS in FT 2000 was active outsourcing of its pho-

togrammetric processes, including the acquisition of aerial photography. This past
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year, NGS held its first outsourcing workshop, which allowed contractors to learn

first-hand about NGS mapping and surveying programs. Topics covered included

aerial photography over airports, aerial photography over U.S. shorelines, geodetic

control at airports, shoreline mapping, and height modernization projects.

In addition, NOS's Coastal Services Center (CSC) utilized LANDSAT

Thematic Mapper (TM} imagery to produce land cover data sets and to determine

landscape changes in coastal Massachusetts, New Hampshire, Rhode Island, and

North Carolina. CSC contril_uted to procurement of LAN DSAT TM imagery fi_r

use in land cover analysis in Hawaii and brown marsh analysis activities in coastal

Louisiana. NOAA's Coastal Change Analysis Project (CCAP) has also used this

type of data in conjunction with aerial imagery, to assess the health of the

Chesapeake Bay, and in particular, the land loss in the Blackwater area.

NGS also procured French Satellite Pour l'Observation de la Terre (SPOT)

multispectral imagery for use in analyzing the brown marsh phenomenon.

Orblmage SeaWiFS imagery, in conjunction with NOAA Cc_astwatch and

NOAA National Centers for Coastal Ocean Science (NCCOS), assisted in deter-

mination and monitoring of harmful algae bloom transport within the Gulf of

Mexico. NOAA Advanced Very High Resolution Radiometer imagery was also

used to determine turbidity and sea surface temperature in coastal regions of the

United States.

NOAA/NGS continued to advance the use of GPS fi_r centimeter-level

positioning through its National CORS Program. At the end of the fiscal year, the

National CORS network contained over 200 sites and was increasing at a rate of

approximately 3 new sites per month. In FY 2000, NOS initiated the Cooperative

CORS program enabling States and local institutions that have established their

own CORS sites to make their associated GPS data more accessible to the public.

Space Weather Total Electron Content provides a measure _f the ionospheric dis-

turbance, which affects radio signals, including those used for navigation, such as

GPS signals. NOS derives maps of Total Electron Content from the observations

of GPS receivers in the National CORS network and from globally distributed

International GPS Service for Geodynamics stations. The technique developed by

NOS to modal the ionosphere was a direct result of NOS efforts to account fi_r

positioning errors inherent in the GPS signal.



In addition,NGS continuedleadinga program,termedHeight

Modernization,whichutilizesGPStoefficientlyprovideaccurate,consistentele-

vationinfi_rmationfor a widevarietyof activitiesNationwide.Traditionally,

"elevation"meantheightabovemeansealevel(technicallyreferredto asortho-

metrichcit,ht). In itsmostaccuratedefinition,"elevation"isdefinedasaheight

aboveasurfacecalledthe"geoid."Thegeoidisaverycomplexsurface,definedby

variationsinEarth'sgravityfield(encirclingtheentireplanet)andwhichisnearly

identicaltomeansealevelm_ertheoceans. However, GPS elevations are heights

above an "ellips_)id," a simple _eometric surface that differs from the geoid in its

simplicity. As such, one significant element of Height Modernization is to provide

an accurate model between the ellipsoid _md the geoid. The objective is to achieve

GPS elevations that are consistent with the more traditional "elevation"_-often

km_wn as sea level. Height Modernization and GPS will make significant strides

in providing more robust height measurements for users of GPS. Activities relying

on these height improvements include mapping vertical measurements--flood

mapping, positioning of ships in three dimensions, and accurate port water-level

infi_rmation fi_r sate and efficient transportation into U.S. ports, and air naviga-

tion.

NOS also computed precise GPS orbits (satellites location} to an accuracy

of 7 centimeter (cm) Root Mean Square (RMS) m support of users of the National

Spatial Reference System and is working toward achieving an accuracy of 5 cm

RMS. Such orbits are needed fi_r users requiring submeter positioning. NOS makes

the orbits available in a timeframe that meets users' requirements, including a

rapid product (8-14 cm accuracy) available within a 16-hour turnaround, and a

more accurate product available within 7 to 10 days of data collection. The GPS

orbits are computed using station coordinates and velocities derived in the

International Earth Rotation Service (IERS) Terrestrial Reference Frame (1TRF).

The GPS orbital data are available without cost and can be retrieved from the

lnternet.

Also at DoC, the Technology Administration (TA) continued to engage in

a number of space-related activities through the Office of Space

C_mnnercialization (OSC) and NIST. During FY 2000, OSC concentrated the

maj_rity of its resources on issues related to satellite navigation and the U.S. GPS.

This included participation in numer_us interagency working groups, steering

groups, review reruns, and executive committees in support of the Interagency GPS

51
...m

m

..<

r_

b.a

o

>

,<



52

.i

©

©

e,l

c

c

©

.,:(

Executive Board (IGEB), established by President Clinton to manage GPS as a

national asset. DoC, represented by TA and NOAA, serves on the IGEB as a key

adw_cate for the commercial, scientific, and governmental users of GPS.

Through the IGEB process, both OSC and NOAA participated in intera-

gency deliberations leading to major GPS-related decisions, including the

deactivation of GPS Selective Availability (SA) in May 2000 anti the acceleration

of tile GPS modernization program. The SA decision was announced at a White

House press conference featuring remarks by NOAA Administrator James Baker

and through a press release by Secretary of Commerce William Daley--both hail-

ing it as an imp_rtant advance fi_r commercial GPS users. Afterwards, NOAA

monitored and evaluated the newly improved GPS performance and published the

results on its public Web site. This effort was important in promoting the gl_bal

benefits of the White House decision.

OSC continued to participate in ongoing talks between the United States

and Europe on p_tential cooperation in satellite navigation, helping develop nego-

tiating strategies and draft agreement language, and serving on official U.S.

delegations led by the Department of State (DOS). OSC hosted one round of the

U.S.-Et,ropean talks as well as sex,era[ meetings with U.S. industry to hear its views

on the subject. OSC also participated in a round of GPS-related consultations

with Russia (again led by DoS) and a number _f outreach missions to Belgium,

Denmark, Sweden, Finland, Spain, and Portugal. During these international meet-

ings, OSC provided educational briefings to Government and industry

representatives on international GPS markets and applications.

OSC played a lead role in the implementation of the IGEB Executive

Secretariat, the permanent office that provides day-to-day staff* support to the

IGEB and its working groups. With the support of the Under Secretary fi_r

Technology, OSC significantly increased its commitment of personnel, office

space, and other resources to the IGEB Executive Secretariat, helping solidify its

legitimacy and visibility within the national GPS management structure. AmLmg

other things, OSC provided a Director for the 1GEB Executive Secretariat and

funding to support a major GPS industry trade fitir on Capitol Hill. OSC created

and hc_sted the highly popular IGEB Web site. OSC also provided drafting assis-

tance to congressional staff* on legislation enabling DoC to accept funding from



interagency sources in order to support the 1GEB Executive Secretariat. NOAA

also continued to support the [GEB Executive Secretariat by assigning personnel

to serve in the office and participating in the GPS trade fair.

11l the a,'ea of satellite imaging, OSC, NOAA, and the International Trade

Administration's (1TA) Office of Aerospace (OA) continued to represent com-

mercial interests as part of the Remote Sensing [nteragency Working Group

(RSIWG). Led by the DoS, the RSIWG is charged with coordinating policy for

the export of remote-sensing satellite systems and negotiating governmcnt-to-gov-

ernment agreements covering the safeguarding of those systems' technology. The

RSIWG completed a_reements with Japan, Canada, and Spain in FY 2000.

OSC and OA continued to actively support the Office of the U.S. Trade

Representative (USTR) and its working groups in devel_ping options fi_r handling

trade with Russia, China, and Ukraine in the area of commercial space launch

services. In June 2000, OA participated in the termination of the U.S.-Ukraine

agreement and in annual consultatil_ns with Russia that led to its ultmmte expira-

tion on December 3_1, 2000. These cfforts created ',t more open market

environment in this important tmdc sector.

OSC and OA continued to support the ongoing work of the White H_use-

led [nteragency Working Group on Future Management and Use of the U.S. Space

Launch Bases and Ranges. The review will examine the appr_priate divisi_n_ of

responsilqlities for bases and ranges between the Government and commercial sec-

tors. Working closeb; with the FAA, OSC and (.)A solicited and collected private-

sector views on this subject and contimmd effi_rts to integrate these into a nation'al

strategy f;.>r [attach range inanagement.

During FY 2000, NIST delivered t_ NASA's Johns_m Space Center an effi-

cient, reliable laboratory version of a pulse-robe oxygen liquefier fi_r use in rockets

t_ bring rock samples from Mars to Earth. New concepts were used m the system,

and it perfi_rmed according t_ NIST m_dels, yielding one of the highest efficien-

cies ever achieved in cryocooters.

With support from the U.S. Air Force, NIST assisted in el}i_rts t_ deveh_p

microscale heat exchangers fi_r use in compact cryocoolers to cool infrared detec-

tors on satellites. These heat exchangers should be at least an order of magnitude

smaller and lighter than m_re conventional heat exchangers. N IST als_ provided

technical guidance to N_rthrop Grumman and Lockheed Martin in their rcsearch
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and development of cryocoolers for the Spaced-Based InfraRed System in low-

Earth orbit (SBIRS-Low).

Using c_+funding from NIST's Advanced Technology Program (ATP), SM

and Lockheed Martin formed a joint venture to develop a nonhazardous alterna-

tive fi_r aircraft exterior spray paint. This alternative, known as Paint Replacement

Fihn (PRF), cunsists of an advanced "peel and stick" polymer fihn with a prcssure-

>ensitive adhesive, and has a unique potential to reduce aircraft drag and reduce

fuc[ consumption. A commercial long-haul aircraft, sheathed in the fihn, could

save $250,000 or more a year in fi,el, require less corrosion maintenance, and pro-

vide lnore color and pattern options for commercial aircraft. During FY 2000, PRF

began undergoing large-scale flight evahlations on a variety of commercial and

tnilitnry aircraft.

In projects funded by the U.S. Air Force and FAA, NIST embarked on

research to assess the flammability and physical properties of clay nanocomposites

when used in aircraft parts. Clay nanocomposites improve the parts' mechanical

prt_perties, especially when subjected to extreme heat, and reduce the need fi}r

unx'irt_nn_entally problematic flame-retardants With fimding from NASA, NIST

c{_ntinued its comprehensive research on fires and fire suppression in microgravity

envir;_nments. These projects better characterize the ignition, spread, and sup-

pression of fires in the microgravity of space, helping to protect astronauts and

their spacecraft. With support from DoD, NIST continued to search fi_r effective

nnd environmentally friendly alternatives to halon fi_r aircraft fire prutecti{)n. In

other w{_rk fimded by NASA and FAA, NIST researchers evaluated the peril)fin-

ance _f new technologies fi_r detecting fires in aircraft cargo spaces.

In the area of timing, NIST continued to support the Primary At{relic

Reference Ch_ck in Space (PARCS), a laser-cooled cesium clock being developed

fi_r deployment aboard the International Space Station. The PARCS pr{}ject,

which has completed its first two NASA reviews, was scheduled to fly m early

2005. In addition, NIST continued to provide synchronization support fi}r NASA's

Deep Space Network, used fi)r space navigation.

The NIST force calibration fi_cilities, which include a unique deadweight

stack of I million pounds of weight, continued to allow NASA and other aero-



spaceorganizationstoreliablymeasurepropulsiveforce.Thisfacilitydatesbackto

theoriginalspaceraceofthe1950'sand1960's.OtherNtSTfacilitiescontinued

toprovidetheU.S+aerospaceindustrywithworld-classmeasurementservicesfor

themechanicalquantitiesofmass,acceleration,shock,soundpressure,andultra-

sonicpower.

OA tooktheleadroleinseekingresolutionofthedisputeoveraEuropean

Union(EU)regulationrestrictingtheregistrationandoperationofaircraftmodi-

fiedwithnoise-suppressiontechnology,includingaircraftengine"hushkits"and

replacementengines.OA andotherFederalagenciesparticipatedin bilateral

negotiationswiththeEUseekingwithdrawalof theregulation.In March2000,

followingthefailureof intensivehigh-levelbilateralnegotiations,theUnited

Statesinitiateddisputesettlementproceedingsin theInternationalCivilAviation

OrganizationunderArticle84oftheChicagoConvention.

OAparticipatedinaninteragencyeffortthatledtotheCzechgovernment

providingatariffwaiverforlargecivilaircraft,helicopters,andcertainspareparts.

Thewaivereliminatedfor1yearthe4.8-percenttariffdifferentialbetweenU.S.

andEUaircraft.TheCzechgovernmentconfirmeditsintentiontojointheWTO

Tradein Civil Aircraft Agreement (which, among other things, binds tariffs on

aircraft and parts to zero) as part of any future multilateral trade negotiations.

OA played an active role in the Export-Import Bank's approval of $143 mil-

lion in financing to support the installation of U.S. engines, avionics, parts, and

equipment into Russian-designed and manufactured llyushin-96T cargo aircraft.

This action marked a milestone in aviation history and the final hurdle in the real-

ization of a dream to foster U.S. and Russian aerospace cooperation. The

ITA-established U.S.-Russia Business Development Committee Aerospace

Subgroup had been working toward this goal since the opening of the Russian

market.

In FY 2000, OA continued to assist the U.S. aerospace industry in compet-

ing in the global marketplace. To promote the export of U.S. aerospace products,

OA sponsored Aerospace Product Literature Centers at major international exhi-

bitions and air shows in China, Germany, Malaysia, Singapore, South Africa,

Russia, the United Arab Emirates, and the United Kingdom. Trade leads generated

through this program totaled more than 10,000. OA worked closely with the over-

seas posts to maximize the exposure of small- and medium-sized U.S. companies to

the export market in these events.

55

m

na

..<

¢D

l-,a

0

0

0

,>

<



56

t-

un

¢D

O

0

_7

q_

,7

7_

c

0

<

In May 2000, OA organized and managed an aerospace executive trade mis-

sion to Rio de Janeiro, Brasilia, and Sao Paulo, Brazil. Over 20 U.S. business

representatives attended the mission, which arranged high-level meetings with

Brazilian government and industry aerospace officials. The program also arranged

one-to-one meetings for each of the participants, and several identified local rep-

resentatives, agents, or distributors, or negotiated sales contracts during the

mission.

OA sponsored a Government briefing attended by over 100 U.S. aerospace

industry representatives on the relationship between e-commerce and the aero-

space industry. OA and the ITA Advocacy Center supported U.S. companies in

international aerospace competitions, including helicopters, commercial transport

aircraft, remote-sensing satellites, and space launch vehicles.

OA and ITA's Advocacy Center supported U.S. companies bidding for

international aerospace contracts. The competitions spanned all areas of the aero-

space industry including space launch vehicles, commercial aircraft, helicopters,

and air traffic management projects.

The March 15, 1999, implementation of the 1998 National Defense

Authorization Act provision that moved export licensing jurisdiction for com-

mercial communications satellites from the DoC to the DoS has harmed U.S.

satellite and related component manufacturers. The movement of jurisdiction has

also resulted in substantial backlash from potential foreign buyers of U.S. satellites.

U.S. satellite manufacturers continue to lose contracts and business to foreign sup-

pliers. As an example, during 2000, publicly reported orders of U.S.-made

geostationary satellites dropped from 16 in 1998 to 13, while orders for European

spacecraft rose from 6 to 16 during the same period. Satellite and security experts

believe that a weakened satellite industry will jeopardize America's global surveil-

lance, reconnaissance, and communications network. Satellite manufacturers

have detailed many of these problems in testimony to Congress. Lockheed Martin

reported that long-time customers, such as Japan, are looking to European manu-

facturers for meeting future satellite requirements. Boeing Satellite Systems and

Loral Space and Communications have reported similar foreign market reactions.

Foreign buyers want to retain a choice in launch service providers, and they want

predictability and timeliness in delivery schedules; this includes the licensing

process.



Thecongressionallymandatedmovementof all commercialsatellitesto

DoS'sjurisdictionhasresultedintheplummetingofU.S.globalmarketsharefrom

73percentto42percent.TheDoS'slicensingfunctioncontinuestobeunableto

processcommercialsatelliteexportlicenseapplicationsina timelyandcertain
manner.Underthemonitoringprovisionsofthelegislation,theDODandDOS

havebeenforcedtorequireU.S.manufacturerstoobtainDOS-issuedTechnology

TransferAgreementsforthelaunchsupportofsatellitespreviouslylicensedbythe

DoC,evenwhenthecustomersorthelaunchserviceprovidershavebeenNATO

allies.
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Dol

The first full year of Landsat-7 operations under joint U.S. Geological Survey

(USGS) and NASA Landsat Program Management was very successfid. The

USGS assumed responsibility from NASA for flight operations fi)r the Landsat 7

satellite, expanding the long-standing role of the USGS in the Landsat program

that includes processing, archiving, and distributing data from Landsats 1 thrL_ugh

7. Since its launch in April 1999, Landsat 7 has carried out the mission objective

of building a seasonal global archive of data by capturing more than 300,000

scenes of Earth for the U.S. and a growing network of 14 ground stations operated

by 8 international cooperators. Landsat 7 extends an important long-term rec_rd

of Earth's land and near-shore areas for environmental research and applications

such as fi_restry, agriculture, geology, land cover classification, and get,graphic

research.

At the end of FY 2000, NASA and USGS were assessing finlr fimding and

management options for the follow-on to Landsat 7, known as the Landsat Data

Continuity Mission (LDCM). As specified by the Land Remote Sensing Polio/

Act of 1992, these options were private-sector owned and operated; a U.S.

Government-private sector cooperative effort; a U.S. Government-owned and

-operated system (Landsat-7 model); and an international consortium. NASA and

USGS drafted and distributed for public review a specification that defines the

characteristics of data that would be expected from any LDCM operator, no matter

which funding/management option is chosen.

The USGS Earth Resources Observation Systems (EROS) Data (Tenter

Earth Observing System (EOS) Distributed Active Archive Center (DAAC),

which is fimded by NASA, began receiving data successfully from the Terra satcl- /
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tire during FY 2000. Data from the Moderate Resoluti_m Imaging

St_ecmmldiometcr (MOD1S) and the Advanced SDiceborne Thermal Emission

and Ret]ecti_n Radi_mleter (ASTER) sensors were processed b,;_ _ystcms at the

NASA-Goddard Space Flight Center and in Japan, respectively, and then _eut to

the EROS Data Center DAA(7. MODIS data were released tt_ the public in early

spring 2000.

The USGS and Satellite P_ur l'Ol_servati_n de la Terre (SPOT) Image

Ct_rporation agreed to lnake more than 700,000 historical SPOT satellite images

'acquired over the United States fiom 1986 through 1998 available to c_ther Federal

agencies. These data are being permanently archived at the USGS EROS Data

(.'enter, where they will be distributed to Federal research and operational users at

the cost of reproduction, plus a royalty fee paid to SPOT Image Corporation.

SPOT data c_mlplement the USGS Landsat archive by substantially increasing the

number _f available h_w-chmd-c_ver images and by filling gaps in 1.andsat cover-

age. SPOT data are used fi_r applications such as environmental research, fi_restry,

agriculture, ge_logy, and land-cover m'apping.

Dol personnel continued tt) use broth the DoD Navstar GPS Precise

Positioning Service (PPS) and augnlented diflcrential GPS for real-time position-

ing in wildland areas. Dol assisted the DoT and 1)oD m their effi_rts to expand the

Nati_nwide Differential GPS (N1)GPS) by identig, ing project areas that are L_ut

of reach t_t current dit_t;_'rential GPS methods. D_D turned _>ff the Selective

Avail'ability feature that limited the :lccuracy of the Navstar Standard Positi_ning

Service (SPS) signal in May 2000, making higher accuracy p_sitioning available

to all civil users. Now, DoI GPS ct)t_rdinatt_rs are seeking suitable civilian GPS

equipment d)at take advantage t_f this change in GPS signal access. At the end of

FY 2000, tests were underway to determine if PPS perfi_rmance is needed in areas

of heavy vegetation c_ver and steep terrain.

The U.S. Fish and Wildlife Service (FWS) and the Federal flighway

Administration continued to develop a digital baseline inventory of all public-use

roads in the FWS National Wildlife Refuge System. The Refi_ge System explored

ways to use GPS units to standardize some of the inventory and monitoring func-

tions carried out on all refuge units. Remotely sensed data are not used as widely

as other invent_ry and monitoring tools due both t_ cost and inc_msistent avail-



ability,butthePacificIslandswereexploringtheuseofLandsat7andothernew

satellitedatato definecriticalhabitatsforendangeredspecies.Remotelysensed

datamayoffertheonlycurrentmethodtocollectdatatodesignatecriticalhabi-

tatforover200species,manyofthemoninaccessibleislands.

TheNationalParkService(NPS)usedLandsatandSPOTsatellitedata,

alongwith conventionalaerialphotography,Light Detection and Ranging

(LIDAR), and digital orthophotography to map and monitor land cover, vegeta-

tion, cultural features, and other specific features in many national parks. The

USGS continued to collaborate with NPS to map the vegetation and obtain uni-

form baseline data on the composition and distribution of vegetation types for 235

U.S. national park units. Vegetation mapping was completed at Devils Tower

National Monument, Mount Rushmore National Memorial, Scotts Bluff National

Monument, and Tuzigoot National Monument. In 2000, the program expanded its

coverage to include two FWS National Wildlife Refuges in the Western United

States. Approximately 400 GPS units were used to support NPS mapping and nav-

igation needs for a variety of resource management and maintenance applications.

The Office of Surface Mining Reclamation and Enforcement (OSM) con-

tinued to use GPS technology in FY 2000 for project work and training.

Restoration of Western U.S. surface mine topography has been field verified fi_r

GPS use. The Mountaintop Removal Environmental Impact Statement Task

Force used GPS to classify and map ephemeral streams in surface mining areas of

Appalachia. OSM personnel used GPS to map the location of monitoring points

and subsidence features to support a project to monitor the hydrologic impacts of

mine subsidence above underground longwall mining in southwestern

Pennsylvania.

OSM continued prototyping the use of 1-meter 1KONOS panchromatic

data to map mine infrastructure, water features, active mining areas, and reclaimed

land acreage. Stereo IKONOS data were used to generate digital elevation models,

measure slopes, and create three-dimensional spatial databases of active surface

coal mines. OSM also continued using the IKONOS 4-meter multispectral data to

map vegetation health and vigor in reclaimed areas and to monitor water depth

and sediment content.

The Bureau of Reclamation (BOR) used new remote-sensing technologies

to develop inundation maps and emergency response plans for different scenarios

of operational water releases from BOR dams and releases caused by potential dam
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failures. BOR scientists used LIDAR data acquired from aircraft t_ generate digi-

tal elevation models with submeter vertical accuracy t_) allow for precise modeling

of flood boundaries and flood water depths. BOR personnel continued research to

determine the feasibility of using high-resolution Space Imaging Corporation.

IKONOS satellite imagery to classify land use and land cover f_r potentially

flooded areas, thus providing better estimates of loss ¢_flife and property.

BOR staff used commercial Earth Search Sciences Inc. Probe 1 hyperspec-

tral and IKONOS imagery to map the extent of the invasive plant species purple

[oosestrife at Winchester Wasteway, Washingt_n, to monitor biological control

efforts at that location. BOR and USGS pers_,nnel als_ collected ground spectral

data of another invasive plant, leafy spurge, in Theodore Roosevelt National Park,

North Dakota, in preparation fi}r detailed large-scale mapping using Airborne

Visible Infrared hnaging Spectrometer (AVIR1S), Earth Observing-I Hyperion,

1KONOS, and Compact Airborne Spectrographic hnager (CASI) data. BOR con-

tinued to use Landsat Thematic Mapper (TM), Indian Remote Sensing Satellite

multispectral and panchromatic imagery, as well as USGS digital orthophoto quar-

terquads, to map agricultural crops m the Colorado River basin. Scientists used

irrigation status and crop type data with cr_p water use coefficients and locally

varying climate data to calculate agricultural consumptive water use.

The Minerals Management Service used GPS to assist m determining base-

line points used to delineate offsh_re boundaries m the U.S. Virgin Islands.

Accurate boundaries were needed to support Territorial Submerged Lands juris-

dictions as well as a proposed national monument for protecti_m of coral reeg

around St. Thomas and St. Croix.

The Bureau of Indian Affairs (BIA) used remme sensing and GPS to sup-

port BIA and tribal initiatives to map [and use, invent_ry natural resources, and

conduct environmental assessments. Scientists used digital orthophotography,

National Aerial Photography Program (NAPP) aerial photography, National

Elevation Dataset (NED) data, and Digital Raster Graphics (DRG) as backdrops

to model potential flood inundation zones caused by the failure of BlA-managed

dams. B1A used these datasets with GPS and digital cameras to map irrigation

structure condition on irrigated agricultural lands within BIA irrigation districts

on Indian reservations in the Western United States. The BIA also expanded the

applications of both civilian and military (encrypted) GPS receivers in natural

resource planning, inventory, and mapping.



TheBureauof LandManagement(BLM)usedremotelysenseddatafrom

satellitesandaircraftsensors,andGPStechnology,tosupport47Bureauwideland-

useplanningprogramsduringFY2000.Thesetechnologieswereusedinconjunc-

tionwithGeographicInformationSystems(GIS)toaddressincreasedenergyand

mineraldemands,competingresourcedemandsfromurbangrowth,andother

changingresourceconditionsonthepubliclands.Scientistscontinuedtousedata

fromtraditionalanddigitalaerialcamerasandmultispectralandhyperspectral

sensorswithGIStechnologyto supportinventory,assessment,modeling,and

monitoringeffortsassociatedwithwildlifehabitat,wilderness,recreation,range-

land,timber,fire,minerals,andhazardousmaterials.

TheUSGSandBLMusedLandsat-7,RADARSAT,andEuropeanRemote

SensingSatellite(ERS)-2syntheticapertureradar(SAR)imagesto investigate

glacierdynamicsat BeringGlacier,Alaska.Thepotentialfailureof the ice dam

that impounds water in Berg Lake threatens to inundate large areas of Native

American lands that are important wildlife habitat, used for subsistence hunting,

popular for numerous recreational uses, and contain mineral resources that may

soon be developed. Hence, lives as well as economic development are at risk from

this unpredictable hazard.

The USGS, the French Space Agency (CNES), and NASA developed a

dynamic algorithm to determine snow depth from passive microwave observations

obtained by the Special Sensor Microwave lmager (SSM/I) on the Defense

Meteorological Satellite. USGS and NASA planned to use the new algorithm to

improve measurements of global snowpack. USGS and CNES also developed a

new technique to map snow depth using radar altimeter observations from the

ERS-2 satellite that is based on attenuation of the radar pulse by the snow pack.

The USGS also worked with scientists at the University of Washington to

improve snow-melt runoff forecasts using SSM/I passive microwave observations.

Investigators continued to develop techniques to combine hydrology models with

a microwave snow-pack scattering model to determine the distribution of snow

water equivalent for test basins in the Upper Rio Grande River, Colorado, and the

upper Salmon River, Idaho. This technique has yielded greatly improved snow-

water equivalent estimates when compared to conventional microwave techniques

based solely on the satellite observations.
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The year 2000 wildland fire season was quite active in the United States;

almost 80,000 fires burned some 6,940,000 acres. The USGS EROS Data Center

responded by providing spatial technologies and research experience to support

wildfire management. Landsat-7 data acquired before and after the Jasper Fire in

the Black Hills National Forest of South Dakota illustrated the change in green

biomass caused by the fire, and demonstrated the capability for mapping the fire

perimeter and the severity of burn. The Black Hills National Forest staff and the

governor of South Dakota used these data to make a rapid assessment of the Jasper

Fire. National Forest staff also used the data to map fire severity and model tree

mortality. The NPS determined that these products could be of value as the tc_ol

fi_r the national yearly mapping of the extent of wild land fires.

The BLM, BIA, and U.S. Forest Service (USFS) continued to work with

the USGS to validate the utility of the Fire Potential Index (FPI), a fire ignition

predictive tool developed by USGS and USFS scientists. The FPI characterizes

relative fire potential for fi_rests, rangelands, and grasslands both regionally and

locally, using NOAA AVHRR multispectral satellite data with information from

vegetation maps and daily weather information to generate 1-kin resolution fire

potential maps. The FPI is updated daily to reflect changing weather conditions

and is posted by the USFS and the Alaskan Fire Service on their Web sites. Fire

management staffs in Alaska, Arizona, Califi_rnia, Oregon, Montana, Nevada, and

Wyoming continued to use the FPt in their daily decisionmaking process tc_ sup-

plement traditional infl_rmation sources for establishing priorities for prevention

activities to reduce the risk of wildland fire ignition and spread, and for allocating

suppression forces to improve the probability that initial attack will c_mtrol fires

occurring in areas of high concern. Scientists tested the FPI in Argentina, Chile,

Mexico, and V'enezuela with the support of the Pan American Institute fi_r

Geography and History. The Joint Research Center fl_r Remote Sensing in Ispra,

Italy, worked with the USGS to test and implement the FPI for all of Europe.

The regional component of the interagency Multi-Resolution Land

Characterization Project (MRLC) was completed in FY 2000 with release of the

National Land Cover Data (NLCD) set. These data were derived from L.an&at

TM data acquired in the early 1990's and shows the distribution of 21 categories

of land cover across the conterminous 48 United States. The NPS became a

member of the MRLC consortium this year, joining USGS, EPA, NASA, NOAA,

and other agencies. In FY 2000, researchers began work on NLCD 2001, which



willcoverall 50UnitedStatesandPuertoRicousingcurrentdata.

TheUSGScarriedoutastudyofground-waterfloodingin thePugetSound

Basin,Washington,usingRADARSATSARdata.Ground-waterfloodingoccurs

in thecomplexglacialgeologicframeworkoftheregionwhenthewatertable rises

above low-lying land surfaces as a result of above-average precipitation. This flood-

ing lasts fi_r several weeks until the water table lowers. Groundwater flooded areas

were identified by comparing SAR images from dry periods with images from wet

periods.

USGS developed a field spectral radiometer for rapid, frequent remote

monitoring of turbidity in the Colorado River in the Grand Canyon. The instru-

lnent measured the brightness and color of river water every 30 minutes from

August 1999 to September 2000. The measurements were highly correlated to tur-

bidity and total suspended sediment concentration measured from water samples

collected during part of this time period, thus confirming the value of the method.

Because of access restrictions within national parks and the high cost of monitor-

ing remote areas such as the Grand Canyon, this system offers frequent,

noninvasive remote monitoring of such areas. Near real-time monitoring is possi-

ble if the measurements are telecommunicated directly to an office for recording

and analysis.

USGS scientists used lntefferometric Synthetic Aperture Radar (InSAR)

data from the ERS-1 and ERS-2 satellites to detect an uplift of several centimeters

that occurred during the first half of 1993 in the San Bernardino groundwater

basin of Southern California. This uplift correlates with unusually high runoff from

the surrounding mountains and increased groundwater levels in nearby wells. The

defl_rmation of the land surface is used to identify the location of faults that restrict

groundwater flow, map the location of recharge, and suggest the actual distribution

of fine-grained aquifer materials. The results demonstrated that naturally occurring

runoff and resultant recharge can be used with InSAR defi_rmation mapping to

help define the structure and important hydrogeologic features of a groundwater

basin. This approach may be particularly usefid to investigate remote areas having

limited ground-based hydrogeologic data.

The USGS used digitized aerial photographs and airborne digital Scanning

Hydrographic Operational Airborne L1DAR Survey (SHOALS) laser bathymetry

data to map coral reef environments on the Hawaiian island of Molokai. The laser
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bathymetry and aerial photography images show infi)rmation to a depth of approx-

imately 35 and 20 meters, respectively. Researchers used digitized aerial

photographs collected in September 1993 and January 2000 to detect changes in

the amount of sea grass and sand cover on the inner and fore reef areas.

The USGS cooperated with NOAA and the United Kingdom Royal

Aircraft Establishment National Remote Sensing Council to produce a

l:5,000,O00-scale map of the Antarctic continent using NOAA Advanced Very

High Resolution Radiometer (AVHRR) satellite data. The USGS also printed six

image maps at l:250,000-scale around Ross island using Landsat Multispectral

Scanner (MSS) data. Using Landsat data, the USGS also produced satellite image

maps of South Florida and the Chesapeake Bay watershed. Numerous agencies

involved in environmental restoration programs used these pn_ducts.

In FY 2000, the USGS M)lcano Disaster Assistance Program (VDAP)

responded to the eruptions at Guagua Pichincha and Tungurahua vc_lcanoes in

Ecuador. For the first time, VDAP personnel combined classified reconnaissance

data of the volcanoes acquired through the National Civil Applications Program

with field-based and aerial observations of eruption features to assess the nature

and magnitude of danger to people and property in the area. This project repre-

sented a new collaboration between the USGS Volcano Hazards Program and

NCAP personnel.

In cooperation with university research groups and the National Science

Foundation, the USGS assisted in the expansion of the network of continuously

operating permanent GPS stations to measure crustal deformation in tectonically

active areas in the western United States, Alaska, Hawaii, and the South Victoria

land region of the Transantarctic Mountains (near McMurdo, Antarctica). Data

continued to be transmitted to analysis centers for processing and analysis to pro-

duce highly accurate estimates for horizontal and vertical changes in Earth's crust.

The study area in Antarctica involves measuring crustal rebound resulting from

changes in ice sheet mass balance. These measurements may contribute informa-

tion for investigations of global sea-level changes.

The USGS cooperated with universities in Southern California to establish

a large array of GPS receivers to make continuous measurements between stations

that bridge known faults. Immediately following a major earthquake, new dual-

frequency geodetic receivers are deployed on stations in the affected region to



measurepostearthquakerebound.UsingadvancedGPSdataprocessingsoftware
andcoordinateddata,baselinevectorsaredeterminedtoafewmillimetersineach

component.In EY2000,techniciansupgradedGPSnetworksatMt.St.Helensin

WashingtonandatAugustine\,_icanoinCook[nlet,Alaska,to bettermonitor
deformationatthosehazardousv_lcanoes.

GPSusecontinuedto expandto meeta widerangeof USGSwater

resourcesapplications.Researchersperfi_rmedhigh-accuracyGPSsurveysto pre-

parehighlyaccuratedigitalelevationmodelsofleveesalongtheMississippiand

MissouriRivers in areas that were flooded during 1993. Researchers continued to

use this information to modify flood plain management practices to reduce damage

from major floods in the furore. High-accuracy differential GPS surveys provided

elevation data at the few centimeter (cm) level fi_r surface water flow modeling in

the South Florida Ect_system Restoration Initiative where extremely low relief

requires elevation accuracies of at least 15 cm to be achieved over wide areas.

Traditional differential leveling methods could not meet this requirement because

it is much too expensive and time-consuming. In Puerto Rico, the public benefit-

ted from use of GPS surveying techniques to help manage water resourccs.

Researchers used ()PS measurements to accurately map reservoir depth and reveal

that the storage capacity of the Lago Dos Bocas reservoir had been reduced by over

40 percent due to sedimentation during the last 52 years.

USGS scientists regularly used GPS technology in a variety of projects in

the Great Lakes region in FY 2000. Scientists used GPS receivers and aerial pho-

tographs to determine sample locations, provide geographic reference for GIS data

sets and assist in navigation during wetland restoration projects on FWS National

Wildlife Refilges. GPS technology supported side-scan sonar surveys conducted in

several Great Lakes and habitat mapping projects in the Detroit River to locate

sample sites and provide geographic reference fi_r biological data. Researchers used

GPS to guide sampling procedures and simplify navigation in open water fi)r stud-

_es _f larval fish habitat preference in Lake Eric. (.3PS was also used as part of native

clam research in several national parks in Michigan.

USGS developed a GPS database of accurate locations of 16,000 bridges fi_r

the State of Pennsylvania. This engineering application will benefit public safety

through assessment of the condition of bridges that are located on rivers with
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unstable channels and high scour potential where countermeasures are necessary

to protect bridges from possible damage.



FEDERAL

COMMUNICATIONS

COMMISSION

FCC

All FCC accomplishments in space during FY 2000 were related to communica-

tions and Earth observation satellites. The FCC formulates rules to facilitate and

regulate the U.S. domestic satellite industry and the licensing of all stations and

satellite launches. Internationally, the FCC continued to coordinate satellite place-

ment with other countries. FCC's specific accomplishments are outlined for FY

2000.

In the area of satellite authorizations and launches, the FCC authorized a

number of launches of communications satellites. On August 8, 2000, the FCC

authorized licensing of the entire Intelsat constellation upon Intelsat's privatiza-

tion. Upon its privatization, Intelsat will be a U.S. licensee with 17 satellites in

orbit and authorizations fi3r 10 additional launches. The FCC authorized E-SAT to

launch and operate six nonvoice, Nongeostationary orbit (NGSO) mobile satel-

lites in low-Earth orbit. On June 28, 2000, E-SAT successfully launched its first

satellite, and on August 17, 2000, the satellite was brought into operation. The

FCC also authori=ed Space Imaging, Inc., to launch and operate two satellites in

low-Earth orbit to provide Earth exploration satellite services. On December 15,

1999, Space Imaging successfully brought into operation its first satellite. On

October 18, 1999, Globalstar launched four satellites in NGSO orbit. On each of

two more occasions, it also launched four satellites on November 22, 1999, and on

February 8, 2000. This brought the Globalstar constellation up to 28 satellites in

orbit with 24 operational and 4 spares.

On December 4, 1999, ORBCOMM launched 7 satellites into NGSO orbit,

which brought the ORBCOMM constellation up to 35 satellites in orbit. On

November 30, 1999, the FCC granted SatCom Systems, Inc., a U.S. company, and

TMI Communications and Company, L.E, a Canadian company, authority to
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_pcratc m_bilc Earth terminals to provide mobile satellite service in the United

States via a Canadian-licensed satellite, MSAT-1. Sirius Satellite Radio launched

two NGS(') Digital Audio Radio Service (DARS) satellites during FY 2000. The

launches, authorized by a special temporary authority issued on December 20,

10tit.), t_ok place on July 1, 2000, and September 5, 2000. During FY 2000, there

were aK, seven C/Ku-band satellite launches: Loral TELSTAR-12 on October 19,

1999; PanAmSat PAS-9 on July 28, 2000; Galaxy XR on January 24, 2000; Galaxy

IVR _m April 18, 2000; Galaxy XI on December 21, 1999; GE Americom GE-7 _n

September 14, 2000; and GE-4 on November 13, 1999.

I)uring FY 2000, the FCC was also active in international satellite coordi-

nation. On July 27, 2000, the United States and Mexico signed an agreement on

the implementation and operation of the Satellite Digital Audio Radio Service.

Both countries may now implement DARS systems in the 2310-2360 MHz band.

In October 1999, December 1999, February 2000, July 2000, and Au_zust 2000 the

F(_(._"held satellite network coordination meetings with the Administrations of the

United Kingdoln, Brazil, Canada, India, and Malaysia, respectively.

In l)ccember 1999, U.S. and French negotiators finalized a coordinati_)n

agreement _n behalf of EUTELSAT for certain satellites. Similarly, m February

and April 2000, INTELSAT negotiators finalized coordination agreements fi)r cer-

tain satellites.
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DEPARTMENT OF

AGRICULTURE

USDA

USDA research and operational programs used remotely sensed data and related

technologies to monitor, assess, and administer agricultural, rangeland, and

forestry resources. The Agriculture Research Service (ARS) enhanced remote-

sensing knowledge and developed productive applications at research facilities

located throughout the United States. At the ARS Jornada Experimental Range,

the ARS Hydrology and Remote Sensing Laboratory (HRSL) collected laser-scan-

ning data and visible, thermal infrared, and video imagery to infer surfitce

temperature, albedo, vegetation indices, roughness, and other land surface charac-

teristics. These parameters were used as inputs fi_r land-surface models, coupled

with atmospheric models to determine heat and water balance for the area. With

the launch of NASA's Earth Observing System (EOS)-AM1 satellite, the HRSL

has flown multispectral thermal infrared sensors over the Jomada Experimental

Range to estimate surface emissivity and temperature fi)r selected EOS-AM 1 over-

passes. ARS used these data to estimate the surface sensible heat flux. Thermal

infrared radiation data from ASTER were used to map surface fluxes at the El Reno

Grazinglands sites. The remote-sensing fluxes were in good agreement with ground

measurements. Aircraft flights with a digital multispectral camera collected multi-

angle reflectance, an intrinsic surface characteristic needed fi_r radiometric

correction of optical remote-sensing data, for accurate estimates of shortwave

albedo and for improved cover-type classification.

Research coordinated by a HRSL scientist demonstrated the feasibility of

large-scale soil moisture detection using airborne and space microwave platfi_rms.

With these advances in the theory and the planned launches of new microwave

remote-sensing satellites, it is feasible to implement a global observing soil mois-

ture system. Research is focused on developing and implementing these tools
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through large-scale field experimentation m the United States and Asia.

Although soil moisture is a critical variable fi_r climate and agriculture, measuring

soil moisture over continental scales has been hindered by a lack of appropriate

instrumentation.

Scientists at the HRSL combined NC)AA's Advanced \:cry ltigh

Resolution Radiometer (AVHRR) satellite data with field-level measurelnents of

ecosystem carbon dioxide exchange from other ARS locations to estimate carbon

sequestration in rangelands of the Western United States at 1 kilometer resolu-

tion. Historic Landsat MSS and Landsat 7 Extended Thematic Mapper data were

used to validate estimates of carbon sequestration at 30 tt_ 100 meters resolution.

A simple operational approach has been developed at the [ tRSL for relat-

ing evapotranspiration (the amount of water evaporated frcm_ soil and transpired

by plants) to satellite observations of surface temperature, vegetative c_wer and

type, and measurements of near-surface wind speed and air temperature from the

synoptic weather network. This scheme reduces both the errors ass_ciated with

satellite observations and defining weather data at large scales, and thus, it has

potential in providing regional scale assessment of evap_tr',mspiration. This infor-

mation will greatly enhance techniques for estimatine crop yield and f_r assessing

vegetation stress on a regional basis, ultimately ilnprovm_ agricultural manage-

ment decisions.

The HRSL used airborne and satellite imagery tor delineating o,,>istent

patterns of crop growth within fields fi_r developing within-field inanagcmcnt

zones for precision farming. Scientists merged the use _f cr_p growth models with

remote-sensing data to quantify the amount _ff producti_n in the gr_wth patterns

and used geostatistical techniques to improve nirb_rne scanner imnee analysi> t_

map within-field crop foliage densit>

Scientists at the HRSL evaluated the application _f MODIS tt, dexel_,p a

crop yield map for the soybean and corn crop in Mcl.can (.'_)unt,:, Illinois, in co, op-

eration with the Illinois State Statistical Office and the Research and

Development Division of National Agricultural Statistics Service (NASS) m

Fairfax, Virginia. The Illinois State Water Survey cooperated in _lcquiring v,_und

data.

Using remote-sensing and geospatial technol_gics, the t tRSL _'x';dt,;_ted the

economic and environmental impact of three farming s_stems on surface and sub-

surface water quality. Subsurfitce f]mv patterns were mapped with er_und-



penetratingradarandlinkedto cropyieldsandremotelysensedimages.A new

spectralmethodwasdevelopedtoassesschlorophyllcontentofplantcanopiesthat

indicatescropfertilizerneeds.Theseassessmentsofspatialandtemporalvariabil-

ityof crops will benefit fimners by providing a watershed-scale demonstration site

where cr_p yields, prt_fitability, and environmental impact can be compared under

identical hydro-geological setting antt climatic conditions.

The ARS Soil and Water Research Unit at Lincoln, Nebraska, used multi-

spectral and hyperspectral data to evaluate crop vegetation indices in terms of

chlorophyll meter rcadilws and fi_r prediction of yield for irrigated corn. Using

combinations of individual reflectance bands, the most appropriate band combi-

nations at each growth stage were determined fi_r making relative crop yield maps.

At _/es[aco, Texas, the ARS Integrated Farming and Natural Resources

Unit used color-infrared aerial photography to successfully detect the invasive

alien aquatic weed, _iant salvinia, in Texas waterways. These data were used by

Texas Parks and Wildlife Department personnel involved in controlling this

_Nuatic weed. Airbt_rne multispectral and hyperspectral images and yield monitor

data we,e c¢_llccted from several fields owned by Rio Farms, Inc., of Monte Alto,

Texas, and used I_y Rio Farms to make farm management decisions. Multispectral

digital imagery was used successfully to detect and assess fi)ot rot infection in south

Texas citrus orchards.

At the ARS National Soil Tilth Laboratory in Ames, lowa, comparisons

with plato tissue testing, leaf chlorophyll readings, broadband reflectance with

ground-based instruments, and airborne sensors showed that detection of the

nitrogen status early m the season is possible when canopy observations are com-

bined with meteorological models fi_r predicting the expected nitrogen use.

Observa* ions made during the groin-filling period related well to yield and showed

where nitrogen was n¢_t a contributing factor to yield variation across the field.

P,ClnOte sensing of the soil and crop provided a spatial representation of the agro-

nomic variation acrt_ss varying soils. Scientists used ground-based, narrow-band

sensors to develop spectral libraries fi_r corn, soybean, and wheat. Scientists used

the infl_rlnation c¢_llected from this system to determine growth rates, light inter-

ception, biomass, and lead chlorophyll content across a range of soils and

1Tlana_elnellt practices.
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At the ARS J. Phil Campbell, Sr., Natural Resource Conservation Center

in Watkmsville, Georgia, researchers used Landsat satellite imagery to classify land

use in the Upper Oconee Watershed of Georgia into 10 types. Land use within

selected subwatersheds will be related to observations of water quality. These stud-

ies fi_cused on portions of the Upper Oconee Watershed receiving Federal funding

in tile Enviromnental Quality Improvement Program (EQIP). These remote-sens-

ing tiara are used to determine the efficacy of the EQIP program within the context

of the predominant land use.

The ARS Plant Science and Water Conservation Research Laboratory, in

Stillwater, Oklahoma, used commercially available high-spatial resolution multi-

spectral imagery to determine retlectance characteristics of pest insect infested

wheat. These data were used with spatial interpolation techniques to create maps

of spatially varying pest density, and the spatial pattern metrics were used to

develop a "spatial signature" fi_r greenbug infestations in wheat fields from the

pn_cessed imagery so that greenbug infested fields can be quickly, accurately, and

inexpensively identified.

Scientists at the ARS Genetics and Precision Agriculture (GAPA)

Research Unit at Mississippi State University, Mississippi, combined high-resolu-

tion, multispectral imagery and improved insect scouting methods to create a

georetcre,_ccd pest density map on nearly 1,100 acres of cotton on Perthshire Farm

in the Mississippi Delta. These maps were loaded into a ground sprayer to dispense

pesticides and/or growth regulator chemicals (PlX) only where needed with the

use of a variable rate controller. Several spatially variable prescriptions (Maps)

were made throughout the growing season, pointing out the success of this coop-

erative, insect managelnent effort between ARS, 1TD Spectral Visions, GPS, Inc.,

Perthshire Farm, and farm consultants. GAPA scientists also collaborated with

Mississippi State University scientists to identify spectrally narrow crop

reflectance wavebands sensitive to nitrogen, potassium, and water deficit in

upland cotton. Researchers developed algorithms for detecting crop nutrient and

water stress c_nditions from hyperspectral or multispectral airborne platfl_rms. In

cooperation with Natural Resources Conservation Service (NRCS) scientists,

GAPA scientists delineated soil management zones in a 400-acre, irrigated cotton

field. By applying different fertilizer nitrogen prescriptions based on simulated

yields from the ARS C_tton Model, they confirmed that natural soil boundaries



arebetterthananarbitraryrectangulargridsystemwhen a decision support system

is used to optimize soil nitrogen applications.

At the ARS Wind Erosion and Water Conservation Research Unit in

Lubbock, Texas, irrigation timing, based on remotely measuring temperature of

crop canopies was successfully demonstrated under field conditions. The correla-

tion between canopy temperature and leaf water potential of corn and cotton was

studied after irrigation rates were either increased or decreased. Significant

changes were detected in canopy temperature and leaf water potential of cotton,

but only in leaf water potential of corn. The absence of a measured canopy tem-

perature response in corn suggests that a modification in the procedure fi)r

remotely monitoring corn temperature is needed to increase its sensitivity to the

water status of corn to optimize irrigation management. The response of five veg-

etation indices was compared with the development of Leaf Area Index (LAI) and

Fractional Vegetative Area (FVA) and compared with their impact on can_py

Photosynthetically Active Radiation (PAR) absorption. The vegetation indices

varied more linearly with FVA than LAI, and FVA is more influential in PAR

absorption, thus linearity in FVA may be a more relevant criteria in choosing an

index design to monitor crop productivity.

At the ARS Western Integrated Cropping Systems Research Unit in

Shafter, Califi)rnia, aerial imagery was acquired of cotton and other crops using a

multispectral digital camera to detect and characterize pests in cotton, including

spider mites and aphids; fi_r measurements of water stress using a thermal camera;

midseason yield estimation; and development of remote sensing fi)r targeted soil

sampling for salinity management. Spectral signatures for mites and other stressors

of cotton were developed using multispectral remote-sensing technologies, bc_th

on the ground and from aircraft. Researchers at the ARS Water Management

Research Unit in Ft. Collins, Colorado, used ground-based, remote-sensing tech-

niques (multispectra[ sensors mounted on a high-clearance tractor) to assess the

plant Nitrogen status in irrigated corn for in-season nitrogen management. A pre-

viously developed Nitrogen Reflectance Index (NRI), calculated t}om canopy

reflectance data acquired in the green and near-infrared portions of the elecm>

magnetic spectrum from a nadir view (0 °) and an oblique view (75°), was

compared to measured plant nitrogen. The NRI was not representative of plant

nitrogen at the sixth leaf growth stage (V6) for either view angle because of the

soil background influence on canopy reflectance. However, the oblique view NRI
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was a good predictor of plant nitrogen at V9 and V12, as was the nadir view NRI

at V12. The nadir view NRI was not as sensitive as the oblique view NRI at the

V9 growth stage because soil was still visible through the canopy. Consequently,

the nadir view NRI provides a conservative estimate of plant nitrogen prior to

complete canopy cover.

The ARS Rangeland Resources Research Unit in Cheyenne, Wyoming,

and BLM used an ultralight airplane to obtain Very-Large Scale Aerial (VLSA)

70-mm color photographs from 20 feet above ground to evaluate range condition.

This effort demonstrated the practicality of using this type of aircraft to rapidly

acquire a statistically adequate number of VLSA images (samples) over extensive

rangeland areas. The imagery is being tested as a means for measuring ground

cover and the leaf area of dominant functional plant types. The results are used to

monitor rangeland health and for estimating CO 2fluxes and carbon cycling.

The ARS National Sedimentation Laboratory in Oxford, Mississippi, has

worked on projects that used the Next Generation Weather Radar, the Surface

Radiation Network (SURFRAD), and the Soil Climate Analysis Network as part

of the Global Energy and Water Cycle Experiment and its continental component

based on the Mississippi River. Researchers used these data to model the variations

of the global hydrological regime, its impact on atmospheric and surface dynamics,

and variations in regional hydrological processes and water resources and their

response to changes in the environment, such as the increase in greenhouse gases.

The ARS Southeast Watershed Research Laboratory in Tifton, Georgia, is

working with scientists from the ARS Hydrology and Remote Sensing Laboratory,

Georgia Institute of Technology, and University of South Carolina to perfect

methods to estimate soil-water conditions at the land surface using remote sensing

techniques. Past research has indicated the applicability of such a technique for

sparsely vegetated landscapes. However, because of the difficulty associated with

closed canopies in heavily vegetated landscapes, less work has been done in areas

with dense vegetation. Initial studies conducted in July 2000 indicated that tech-

niques can be developed for landscapes with dense canopies.

ARS scientists at the U.S. Water Conservation Laboratory (USWCL) in

Phoenix, Arizona, refined methods to integrate remotely sensed information with

computer models that predict crop growth, based on weather and soil conditions

to help meet the information needs for precision farming. Remotely sensed data



provideinformationonplantconditionsatfinespatialresolutionatselecttimes

duringtheseasonforimprovingthecropmodelpredictions.

In cooperationwithagriculturalengineersat theUniversityof Arizona,

USWCL scientists developed a system (AglIS) of visible, near infrared, and ther-

mal sensors mounted on a cart that travels the length of a linear move irrigation

system collecting measurements at 1-meter intervals. Researchers processed the

data to generate an image that was used to detect crop and water stress. A Canopy

Chlorophyll Content Index (CCCI) developed from multispectral reflectance

data, obtained while using the AglIS sensor in a cotton experiment, has now been

modified for use in wheat. As chlorophyll content is a good indicator of fertilizer

needs, the CCCI may find use in assessing midseason fertilizer requirements of

wheat and in predicting grain quality. Scientists at the ARS South Central

Agricultural Research Laboratory in Lane, Oklahoma, and at the Horticultural

Research and Development Centre in Saint-Jean-sur-Richelieu, Quebec, Canada,

provided quality assessment observations and evaluated the potential to integrate

the remotely sensed data with models to predict crop quality.

Scientists at the ARS Northwest Irrigation and Soils Research Laboratory

in Kimberly, ldaho, in cooperation with Utah State University made remote-sens-

ing measurements with an aircraft to develop reflectance-based,

evapotranspiration (ET) crop coefficients for irrigated bean, sugar beet, and

potato. High resolution, airborne multispectrai digital imagery were used to

develop vegetation indices related to the spatial and temporal variation in crop

growth and biophysical parameters obtained in field measurements. Ground-based

measurements obtained for a field of beans verified the reflectance-based ET crop

coefficients developed from the remotely sensed data. Airborne or multispectral

satellite imagery can be used to develop spatially and temporally variable ET crop

coefficients useable for precision irrigation scheduling with potential also for

assessing aggregate irrigation water requirements and yield for mixed cropping pat-

terns in large irrigated tracts.

The ARS Northwest Watershed Research Center (NWRC) in Boise,

Idaho, used synthetic aperture radar to map the extent of frozen soil in rugged

topography. Ground data on soil water content, snow depth, and soil freezing were

collected in conjunction with overpasses of the RADARSAT platform. Summer

scenes were acquired to obtain imagery cluring dry, unfrozen conditions to be used
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as a reference. Data are currently being analyzed to determine the optimal

approach to differentiating freezing effects from those due to topography, vegeta-

tion, and surface roughness.

NWRC scientists conducted an analysis of Landsat and SPOT imagery to

determine the relationship between satellite-derived vegetation indices and the

soil water regime and found a good correlation between the vegetation index or

Soil Adjusted Vegetation Index (SAVI) and the seasonal water stress, relative to

evaporative demand in semiarid rangelands.

Invasion of cheatgrass, an exotic annual grass, into rangelands throughout

the Intermountain West has dramatically altered the natural fire regime, thus

impacting public safety, plant community integrity, and rangeland hydrology.

NWRC scientists developed analysis tools to map fuel types, quantify fuel biomass

and moisture, and assess fire severity in the Snake River Birds of Prey National

Conservation Area near Boise, Idaho, using Landsat imagery. These to_ls will be

useful to land management agencies for assessing fire hazards, planning fuels reduc-

tion treatments, predicting fire behavior, and evaluating postfire rehabilitation

needs on rangelands.

NWRC scientists evaluated remote sensing to assess stream shading as a sur-

rogate to direct stream temperature measurement. If good relationships exist

between remotely sensed stream shading values and stream temperature, land

managers could use these remotely sensed data to evaluate stream temperature

variability for extensive and dynamic rangeland stream systems.

Scientists at the ARS Southwest Watershed Research Center (SWRC) in

Tucson, Arizona, developed a spatially explicit hydro-ecological model calibrated

with satellite images to produce daily estimates of regional plant growth, evapora-

tion, and soil moisture. Over a 10-year period, this model simulated daily plant and

root growth and rangeland health in the ARS Walnut Gulch Experimental

Watershed with accuracies that were three times better than conventional prod-

ucts without satellite images. This breakthrough provided spatially distributed

information about vegetation and soil conditions for day-to-day grassland man-

agement and for long-term evaluation of the effects of climate change and

drought.

SWRC scientists cooperated with NASA and Michigan State University to

develop a remote-sensing method to estimate biomass of senescent grasses. This

information will be used with rangeland managers to make biomass information



intousabledataproducts,andfinally,assessthepotentialforsuchinformationto

beprovidedonanongoingbasisasacommercialproduct.

SWRCscientistsworkedwith theEnvironmentalProtectionAgencyto

developaPC-basedGIShydrologictooltorelatelandscapepatternstowatershed

conditionacrossmultiplescalesforapplicationsacrossawiderangeofconditions

andgeographies.ThisPC-basedtoolwasappliedto threewatershedsofdifferent

sizesandclimaticcharacteristics,rangingfromthesemiaridecosystemintheARS

WalnutGulchExperimentalWatershedandSanPedroRiverBasininArizonato
thehumidCannonsvillewatershedinNewYork.

ScientistsattheARSGrazinglandsResearchLaboratory (GRL) in El Reno,

OHahoma, combined remotely sensed near-surface estimates of soil water content

with meteorological, vegetation, and soils data to produce estimates of total root

zone soil water content at watershed scales. Scientists at GRL cooperated with sci-

entists at the HRSL in the calibration and validation of satellite microwave

sensors to provide a regional soil water content product. Scientists at the GRL also

worked with scientists at the ARS Sub-Tropical Animal Research Station in

Brooksville to detect forage quality using hand-held hyperspectral remote sensing.

The ARS Application and Production Technology Research Unit in

Stoneville, Mississippi, used an aircraft system with a digital video camera and a

GPS interface so images could be associated with ground position images to map

weed populations from altitudes of 70 to 1,500 feet. Scientists analyzed images to

distinguish weeds from the surrounding crops earlier in the season, when weed

management plans need to be defined

Researchers at the ARS Southern Regional Research Center in New

Orleans, Louisiana, designed submersed sensor arrays for monitoring harmful algal

species. A prototype of this sensor was installed in the St. John's River as part of

collaborative research efforts with regional, State, and Federal research groups to

monitor algal species in the river. Scientists at the ARS Catfish Genetics Research

Unit in Stoneville, Mississippi, installed automated oxygen sensors for monitoring

oxygen levels in catfish ponds. This sensor system controls aeration equipment to

maintain desired oxygen levels for catfish growth.

The Foreign Agricultural Service's {FAS) satellite remote-sensing program

remained a critical element in USDA's analysis of global agricultural production

and crop conditions by providing timely, accurate, and unbiased estimates of global

79

..<

vo

*%

<



8O

c

"O

m

t-i

t-

©

0

o_

rV

"0

C

U_

©

,<

agriculture area, yield, and production. Satellite-derived early warnings of unusual

crop conditions and production enabled more rapid, objective, and precise deter-

minations of global supply conditions necessary for commodity price discovery.

FAS used a full private-Government partnership program that contracts over 90

percent of its imagery from the commercial space industry and partners within

other government agencies (NASA, NOAA, USGS) to ensure that FAS require-

ments are defined for mission planning and research. FAS continued to strengthen

its abilities to extract the most from acquired data by sharing over 900 satellite

scenes with partner USDA agencies. Over the past year, the FAS remote-sensing

program provided global crop condition assessments in support of trade policy and

food aid decisions made by USDA policymakers. These included crop assessments

on China, the Korean Peninsula, Indonesia, Eastern Europe, North Africa, the

countries of the former Soviet Union, India, the horn of Africa, and Mexico.

The Farm Service Agency (FSA) fielded reengineered business processes

combining the use of digital orthophotography, GIS, GPS, and satellite imagery to

replace the use of hardcopy aerial photography from the National Aerial

Photography Program (NAPP) and aerial 35mm slides. Over 200 counties will be

empowered with GIS technology by the end of 2000. FSA, through the Farm

Service Agency-Foreign Agricultural Service Center for Remote Sensing, fielded

compressed Landsat and AVHRR imagery to several State offices for disaster mon-

itoring and compliance testing. FSA tested the use of the Space Imaging IKONOS

imagery for use in digital compliance programs. FSA currently acquires aerial

35ram slides over much of the continental United States one to three times per

year. The IKONOS imagery is being evaluated as one of many possible digital

replacements. FSA continues to cost share with FAS analysis of imagery over the

United States, receiving timely reports on U.S. crop conditions from FAS. These

imagery-based reports, combined with weather data, crop model results, and GIS

products, made possible the development of accurate and timely projections and

comprehensive evaluations of crop disaster situations. FSA continues to be a part-

ner in NAPP but has been unable to partner in National Digital Orthophoto

Program (NDOP) activities due to a lack of funds.

The National Agricultural Statistics Service (NASS) used remote-sensing

data to construct area frames for statistical sampling, estimate crop area, create

crop-specific land-cover data layers for GIS, and assess crop conditions. For area



frameconstruction,NASScombineddigitalLandsatandSPOTdatawithUSGS

digitalline-graphdata,enablingtheusertoassigneachpieceoflandinaStateto

acategory,basedonthepercentageofcultivationorothervariables.NASSimple-

mentedanewremote-sensing-basedareaframeandsampleforPennsylvaniaand

NorthCarolina.Theremote-sensingacreageestimationprojectanalyzedLandsat

datafromthe1999cropseasoninArkansas,Illinois,Mississippi,NewMexico,and

NorthDakotato producecropacreageestimatesfor majorcropsat Stateand

countylevels,andacrop-specificcategorizationin theformofadigitalmosaicof

TM scenesdistributedtousersonaCD-ROM.Forthe2000cropseason,NASS

headquartersandseveralNASSfieldofficescontinuedpartnershipagreements

withStateorganizationstodecentralizetheLandsatprocessingandanalysistasks

andexpandedintoIndianaandIowa.Datafor2000acreageestimationanalysis

werecollectedinArkansas,Illinois,Indiana,Iowa,Mississippi,NewMexico,and

NorthDakota.Vegetationconditionimages,basedonAVHRRdata,wereused

with conventional survey data to assess crop conditions. The 2000 drought condi-

tions in Nebraska and South Dakota, southern Texas, and the southeastern States

were followed closely with these data.

The Natural Resources Conservation Service (NRCS) continued its coop-

erative partnership with Federal, State, and local agencies in developing 1-meter

digital orthoimagery coverage of the Nation through NDOP and NAPP. By year's

end, approximately 2,500 counties were completed with digital orthoimagery cov-

erage. NRCS delivered digital orthoimagery to its county field service centers for

their use in a desktop GIS in place of using paper copies of aerial photographs.

NRCS continued to advance the use of GPS at the county field offices, and at the

end of the fiscal year, there were more than 1,000 GPS receivers in use.
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After extensive data analysis, an international team of cosmologists led by Andrew

Lange of the California Institute of Technology and Paolo de Bernadis of the

University of Rome released the first results from the BOOMERanG (Balloon

Observations Of Millimetric Extragalactic Radiation and Geomagnetics)

Antarctic long-duration balloon flight that took place during FY 1999. The meas-

urements provide the first truly convincing observational evidence that is

consistent with the leading "inflationary" theories of creation.

"Cosmic shear" is defined as slight distortions in the images of distant galax-

ies caused by large intervening structures of primarily dark matter. During FY 2000,

J. Anthony Tyson and his colleagues detected a statistical signal of cosmic shear for

the first time, using wide-field images with the NSF Cerro Tololo Inter-American

Observatory 4-meter telescope. This initial detection was based upon measure-

ments of the images of about 50,000 galaxies. These measurements provide a

powerful tool to determine fundamental cosmological parameters related to the dis-

tribution of mass in the universe and test the foundations of cosmology.

John Dickey of the University of Minnesota is midway through an NSF-

sponsored 4-year project to carry out a survey of radio emission in the inner Milky

Way using radio-wavelength telescopes in Australia. The survey is producing maps

of the density and velocity distribution of interstellar hydrogen gas. These maps

trace out the violent motions of the interstellar medium associated with supernova

remnants and stellar winds. The first survey results have revealed several very

large-scale structures, including an immense shell or bubble more than 1,500 light

years in diameter. This supershell, located in the outer galaxy, at about 33,000 light
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years from the Galactic center, is the largest and most empty supershell yet dis-

covered in the Milky Way.

Alyssa Goodman of Harvard University has produced important results in

another NSF-sponsored project that offers quantitative new measures of how

material in the interstellar medium is distributed. She has been developing and

applying new methods for analyzing both numerical simulations and observed data

sets. With these new, discriminating statistical techniques, she and collaborators

have shown that simulations without magnetic fields and/or self-gravity cannot

match the behavior exhibited by real observations. Only simulations of magnet-

ized, self-gravitating turbulence are able to approach matching the behavior of the

real star-forming interstellar medium. Self-gravity means that one has to include

the effects of the gravitational field of the material in the interstellar medium upon

itself. That is, each molecule and grain in the interstellar medium has a gravita-

tional field that interacts on every other molecule and grain in the medium. The

total effect cannot be ignored if one wishes to obtain results that agree with real

observations.

Among the most active areas of research and discovery in astronomy today

are investigations into the birth and the death of stars and their planetary systems.

Searches for extrasolar planets have become increasingly productive recently, and

samples have grown from a few curiosities to data sets whose properties and char-

acteristics can be analyzed for insight into common formation processes. Several

groups have been extremely active and productive in the search for extrasolar

planetary systems. Using high-precision radial velocity measurements of candidate

stars, investigators have been monitoring the presence of planets by regular

changes in velocity, as the star and planet revolve around a common center of

gravity. Common center of gravity means that if one were to place oneself above

the plane of the orbit of the planet around the star, and traced the path that the

planet made, one would find that both the planet and the star appear to orbit a

common point, known as the "center of gravity."

NSF-sponsored researchers Paul Butler of the Carnegie Institute of

Washington; Geoffrey Marcy of the University of California, Berkeley; and Steve

Vogt of the University of California, Santa Cruz and collaborators have found 30

of 44 known extrasolar planets. Their most recent work includes the first optical

detection of a planet as it passed in front of its host star and the discovery of the

first multiple planet system.



Observationsshowthatflatteneddisksofgasanddustarecommonaround

youngstars.Severalofthestarsknowntohavegiantgasplanetsalsohavedisks,
believedtobetheremnantsofthenebulaefromwhichtheplanetsformed.Peter

BodenheimerandcollaboratorsattheUniversityofCalifornia,SantaCruz,have

beenperformingnumericalsimulationsof theinteractionsbetweenprotoplanets

anddisks.TheyfindthatonceaplanetgrowstoaboutJupiter'smass,agapiscre-

atedin thedisk.If twogiantplanetsform,eachoneopensupagap.Ultimately,

theinnerplanetisdrivenoutwardslightly,andtheouteronetendstobedriven
inward.Thesemodelsarebeginningtoprovideatheoreticalbasisforunderstand-

ingtheunusualpropertiesoftheextrasolarplanets,suchastheircloseproximity

totheirstars,andtheirhighorbitaleccentricities.

Fragmentationofmolecularcloudcores,duringtheirself.gravitationalcol-

lapsetoformstars,istheleadingexplanationfortheoriginofbinaryandmultiple

protostars.Molecularcloudcoresappeartobesupportedagainstcollapsein large

partbymagneticfields.However,mostprotostellarfragmentationcalculations
haveeitherignoredtheeffectsofmagneticfieldsorfoundthatin thepresenceof

frozen-inmagneticfields,fragmentationisprohibited.
AlanBossoftheCarnegieInstituteofWashingtonandcollaboratorshave

computedthefirstthree-dimensionalcalculationsthatshowmagnetictensionalso

helpsinavoidingacentraldensitysingularityduringprotostellarcollapse.Thenet
effectistoenhancefragmentationofcollapsingmagneticcloudcoresintomulti-

pleprotostarsystems.
Duringtheapproximately15-billion-yearlifetimeofourMilkyWaygalaxy,

severalbillionsupernovaexplosionshaveprogressivelyenrichedit with the

oxygenthatwebreathe,theironinourbloodcells,thecalciuminourbones,and
thesiliconin thesoilatourfeet.Supernovaexplosions,withapeakluminosityas

highasanentiregalaxyofstars,triggerthebirthsofnewstars,arethesourceof

theenergeticcosmic-raysthatirradiateusonEarth,andcollectivelymayhave

helpedshapetheearliestgalaxies.Inaddition,supernovahaverecentlybeenused
to measurethegeometryof theuniverseandimplicatedasapotentialsourceof

gamma-raybursts.
Modelingsupernovahasprovenproblematic:mostmodelscollapse,butdo

not explode.Whatmaterialis initiallyejectedwhenthesupernovadetonates
tendstofallbackontothestellarcore.AdamBurrowsoftheUniversityofArizona

andcollaboratorshavedevelopedatime-dependent,sphericallysymmetriccode
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for modeling supernova explosions and have applied it to the problem of super-

nova in binary star systems. Explosions of massive stars in binary systems and the

velocity "kicks" that the component stars receive are believed to be the origin of

some of the high velocities seen in pulsars.

Because of its direct impact on terrestrial life, understanding how the Sun

works has a very high scientific priority. NSF-sponsored researchers Douglas Braun

of the Solar Physics Research Corporation and Charles Lindsey of Northwest

Research Associates obtained the first images of an active region on the far side of

the Sun using seismic holography techniques. Active regions are the centers of

energetic phenomena such as solar flares and coronal mass ejections whose occa-

sional bursts of radiation interfere with telecommunications and power

transmissions on Earth and can pose significant hazards to astronauts and space-

craft.

William Merline and colleagues at the Southwest Research Institute have

used ground-based adaptive optics to search for satellites orbiting asteroids. The

team has discovered a satellite around the asteroid 45 Eugenia. The main asteroid's

diameter is close to 215 km, and the Moon's size is estimated to be 1_ km in diam-

eter. The Moon is 285 times fainter than the main asteroid and is very close to the

main asteroid (just over 5 asteroid diameters away).

Jens Gundlach and Stephen Merkowitz of the University of Washington

have made an important new determination of one of the fundamental constants

of nature, the gravitational constant. Their value for the gravitational constant is

a hundred times more precise than the previously accepted value.

Detailed model studies for thermonuclear explosions on the surface of an

accreting neutron star have been performed by the research groups of Hendrik

Schatz of Michigan Statue University, Michael Wiescher of the University of

Notre Dame, and Lars Bildsten of the University of Califi_rnia, Santa Barbara. The

results defined for the first time the endpoint for the process that drives the ther-

monuclear explosion and sets new limits on the resulting abundance distribution

in the crust of the neutron star.

During large magnetic storms, the electric fields and particle populations,

which typically occur at high latitudes in the auroral region, move toward the

equator, and their effects can be observed over the continental United States.

Intense convection electric fields cause the plasma in the ionosphere to move at

high speeds, which can cause density variations in the ionosphere that can disrupt



transionosphericcommunicationandnavigationsignals.JohnFosterof the

MassachusettsInstituteofTechnology,usingtheMillstoneHill incoherentscatter

radarnearBoston,observedsucha disturbanceduringthemagneticstormof

October15,1999.Scientistshavebeenusingthesedetailedradarandoptical

observationsto testquantitativelytheirunderstandingabouttherelationship

betweenthesevariousatmosphericphenomena.Byconnectingionosphericphe-

nomenatomagnetosphericprocesses,scientistswillbetterunderstandthecoupled

spaceweatherenvironmentandwill beableto improveforecastsof magnetic

stormsandtheresultingeffectsontechnologicalsystems.
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DEPARTMENT OF

STATE
DoS

The DoS continued its efforts to coordinate international agreements and arrange-

ments for cooperation on the International Space Station (ISS). During FY 2000,

DoS made preparations for the first meeting of the partners to the ISS

Intergovernmental Agreement (1GA). Originally scheduled for fall 2000, it ulti-

mately took place in Berlin in December 2000. At the meeting, delegations

expressed great satisfaction with the significant progress that has been made in

assembling the ISS on orbit. The successful launch of the Expedition One crew

marked the beginning of a permanent human presence onboard the lSS. With the

recent successful missions, the ISS has now initiated integrated operations, allow-

ing initial research onboard the ISS. This progress demonstrates that the ISS

management structure is functioning on the basis of genuine partnership, as envi-

sioned in the IGA.

During FY 2000, the DoS led U.S. Government participation in the United

Nations' Committee on the Peaceful Uses of Outer Space (COPUOS). The

Committee was formed in 1958 and is the only standing body of the United

Nations to consider international cooperation in the exploration of outer space.

Over the past year, the Committee undertook important work in areas such as

orbital space debris, meteorology, astronomy and astrophysics, space transporta-

tion, human space flight, planetary exploration, and environmental monitoring.

The Committee also considered legal issues related to international liability and

responsibility of launching states and equitable access to geostationary orbit.

The DoS continued to lead an interagency effort to promote the U.S. GPS

as a worldwide standard for satellite-based navigation and to protect the spectrum

in which GPS operates. Diplomatic efforts included visits by U.S. experts to more
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than than a dozen foreign capitals fi)r discussions on GPS-related issues. These

efforts directly contributed to the successful achievements of U.S. objectives at the

World Radiocommunication Conference (WRC). Most significantly, the WRC

defeated Resolution 220 (a proposal to share the spectrum used by GPS L1 with

mobile satellite systems} and approved a new allocation of spectrum for additional

GPS signals which are a part of the modernization of GPS capabilities. The DoS

also led the preparation of a draft framework agreement between the United States

and the European Community on satellite navigation systems. This draft was pro-

vided to the European Commission and the European Union member states in

October 2000.



DEPARTMENT OF

ENERGY

DoE

During FY 2000, DoE worked on a demonstration of technologies to clean up

dense, nonaqueous phase liquid solvents at Launch Complex 34, Cape Canaveral,

Florida. At the end of the fiscal year, the demonstration had removed 5,000 kilo-

grarns (kg) of solvents at a cost of $5.1 million, of which DoE has funded $3.1

million. DoE developed these technologies, and the test data will benefit DoE sites

in terms of cost and performance data. Agencies who are cofunding this demon-

stration of technologies include the U.S. Air Force, U.S. Navy, Environmental

Protection Agency, and three private companies.

DoE continued to support NASA's space exploration program by maintain-

ing the program and facility infrastructure for providing radioisotope power sources

and heater units and developing new, advanced power systems covering a range of

power levels required to meet more stringent power system requirements for future

missions. DoE personnel initiated safety analyses to support potential use of

radioisotope heater units on the Mars 2003 mission and radioisotope power sys-

tems on the Europa Orbiter mission. DoE competitively contracted with several

potential system contractors to develop a conceptual design of a radioisotope

Stifling power system, which adds heat through a wall to an expanding gas at high

temperature to perform work. One of these contractors will be selected to proceed

with the development and demonstration of the radioisotope Stirling power

system for potential use on the Europa Orbiter, Solar Probe, and Mars 2007 mis-

sions. Finally, a bench-scale demonstration was completed of a process to recover

Plutonium-238 scrap for reuse as an energy source for future NASA missions.
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SMITHSONIAN INSTITUTION

The Smithsonian Institution continued to contribute to national aerospace goals

through the activities of the Smithsonian Astrophysical Observatory (SAO),

which is joined with the Harvard College Observatory in Calnbridge,

Massachusetts, to form the Harvard-Smithsonian Center for Astrophysics (CfA),

where over 300 scientists are engaged in a broad program of research in astronomy,

astrophysics, and science education. The Smithsonian Institution also continued

to contribute to the National Air and Space Museum (NASM) in Washington,

DC, through its research and education activities.

SAO has had a lead role in operating the NASA Chandra X-ray

Observatory, which completed its first year of observations in FY 2000 with a series

of widely reported results and discoveries. Chandra studied the presence of coin-

pact x-ray stars in supernova remnants, the galactic center x-ray source, the disk

and jets in the Crab Nebula, and obtained deep images that resolve the x-ray back-

ground into faint sources. Chandra also found superbubbles of very hot gas within

colliding galaxies; disc<)vered that even small, failed stars emit x-ray flares; found

x-rays coming from a comet; and opened a new field of research by discovering

medium-sized black holes.

SAO is also the leader of another NASA satellite, the Sublnillimeter Wave

Astronomy Satellite (SWAS) mission, a space telescope that studies the chelnistry

and dynamics of the interstellar gas clouds in the Milky Way galaxy. SWAS dis-

covered that water, a key component fi_r life, is prevalent throughout space, and

found that a substantial amount of water is present in the Martian atmosphere,

but, surprisingly, SWAS has been unable to find any molecular oxygen in space.

Another SAO program called "The Milky Way in Molecular Clouds: A New
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Complete CO Survey," this fiscal year completed a 20-year radio astronomy effort

and released an image of the entire galaxy with unprecedented detail and clarity.

In FY 2000 SAO astronomers and their colleagues discovered two new

moons of Jupiter (numbers 17 and 18) and a new moon of Saturn (number 22).

Solar scientists at SAO used the Transition Regimen and Coronal Explorer

(TRACE) spacecraft to watch the Sun as its activity climbed t<, a peak during the

maximum t_f its 12-year solar cycle; they also used the S_lar and Heliospheric

Observatory (SOHO) spacecraft to study the Sun. New models of the solar activ-

ity based on these observations promise to help predict storms of charged space

particles. SAO scientists this year discovered several new planets art)und other,

nearby stars, including one Jupiter-sized planet, and achieved the first detection _f

a new planet by observing it pass in front of the face of its star. Scientists also)

detected a class of objects, intermediate in size, between stars and planets called

"brown dwarfs," in the Orion nebula. Some very newly formed star_ were observed

in the process of collapsing, and others were fimnd to have disks or rings of mate-

ria[ around them, with compositions resembling that of our own solar system at the

time of its fi_rmation. SAO scientists continued to l_e leaders in the field of cos-

mology and the structure of the universe, especially through the incredible, recent

discovery that the universe may be accelerating its expansion due to a repulsive

force to gravity. Scientists also developed another new technique fi_r calibrating

the distances to galaxies during FY 2000.

The Science Education Department (SED) at CfA continued to host teach-

ers from across the United States at sessions designed to train them in the use of

the Department's many curriculum programs for grades :}-12. SED activities

included the "MicroObservatory Program," which enables classrooms to control

small telescopes located around the world, plan observations, take data, and share

their results with other schools. SED produced several new television and video

shows this year, while staff throughout SAO continued their active inw_h, ement

with schools. The 7 public Web sites at SAO received about 80 million hits during

the year.

The Center for Earth and Planetary Studies (CEPS) at NASM continued

to conduct an active research program in planetary and terrestrial geology and geo-

physics using remote-sensing data from Earth-orbiting satellites and manned and

unmanned space missions. The scope of research activities includes work _m

Mercury, Venus, the Moon, and Mars, and corresponding field studies m terrestrial



analogregions.CEPSstaffstudiedavarietyofgeophysicalprocesses,suchasw_l-
canism,floods,cratering, tectonics, and sand movement. Many of the terrestrial

studies also address topics of current concern for global climate change. As a

NASA Regional Planetary Image Facility, CEPS houses an extensive collection of

images of the planets and their satellites. CEPS continued to have curatorial

responsibility fi_r two museum exhibit galleries. The "Exploring the Planets"

gallery highlights the planets and their satellites and explores what we have

learned about our solar system from interplanetary spacecraft. Planning is actively

underway fi_r a new "Exploring the Planets" gallery. The "Looking at Earth" gallery

illustrates the ways in which aerial photography and satellite images are used to

obtain a better understanding of the Earth. Staff participated in the development

and presentation of public programs, including teacher workshops, special events,

and outreach activities in the community. CEPS staff also continued to be respon-

sible for developing and maintaining the NASM Web site, including innovative

online exhibit materials, interactive educational programs, research highlights,

and virtual tours of museum galleries.
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APPENDIX A- 1

U.S. Government Spacecraft Record
(Includes spacecraft from cooperating countries launched by U.S. launch vehicles,)

m

¢t Calendar Earth Orbit a Earth Escape _

Year Success Failure Success Failure
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1957 0

1958 5

1959 9

1960 16

1961 35

1962 55

196_ 62

1964 69

196_ 93

1966 94

1967 78

1968 6t

1969 _8

1970 36

197l 45

1972 33

197_ 23

1974 27

1975 30

1976 _

1977 27

1978 34

1970 18

1980 16

1981 20

1982 21

1983 31

1984 35

1985 37

1986 11

1987 9

1988 16

1989 24

1990 40

1991 _2

1092 26

199_ 28

1994 31

1905 24

1906 _0

19o7 22

1998 2_

1990 35

2000 fthroughSeptember 30, 2000) 23

1 0 0

8 0 4

9 1 2

12 1 2

12 0 2

12 4 I

1t 0 0

8 4 0

7 4 1

12 7 I I'

4 10 0

15 3 0

1 8 1

1 3 0

2 8 1

2 8 0

2 3 0

2 1 0

4 4 0

0 I 0

2 2 0

2 7 0

0 0 0

4 0 0

l 0 0

0 0 0

0 0 0

3 0 0

I 0 0

4 0 0

I 0 0

I 0 0

0 2 0

0 1 0

0 0 0

0 1 0

1 i 0

I 1 0

2 1 0

0 1 0

0 2 0

4 2 0

0 0 0

TOTAL 1,475 153 94 15

The criterion of success or failure used is attatmnent _f Earth orbit or Earth escape rather thau judgm_:l_t _f mi_si_u succe*s. "Escape" {lights

include all that were intended to lao to at least an altitude equal to lunar distance from Earth.

This Earth-escape failure did attain Earth orbit and, therefi_re, is included in the Earth-orbit success totals.

This excludes commercial satellites. It counts separately spacecraft launched by the same launch vehicle.

This counts the five orbital debris radar calil_ration spheres that were launched from STS-63 as _me set of spacecraft.

This mclud_.s d_e SSTI Lewis spacecraft d_at began spinning out _f control shortly after it achieved Earth _rbit.

Counts OCS, OPAL, FALCONSAT, and ASUSAT microsatellites as (_ne set, and The Picosats 4-8 as an(_ther se_



APPENDIX A-2

World Record of Space Launches Successful
in Attaining Earth Orbit or Beyond

(Enumerates launches rather than spacecraft; some launches orbited multiple spacecraft.)
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People's European

Calendar United USSR/ Republic United Space

Year States CIS France _ Italy" Japan of China Australia Kingdom Agency India Israel

_a

b.a

1957

1958

1959

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

i972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1086

1987

1988

1989

1990

199]

1992

1993

1994

1995

1996

1997

t998

1999

2000

2

5 1

10 3

16 3

29 6

_2 20

38 17

57 30

63 48

73 44

57 66

45 74

40 70

28 81

30 83

_0 74

23 86

22 81

27 89

26 99

24 98

32 88

16 87

13 89

I8 98

18 101

22 98

22 97

17 98

6 91

8 95

12 90

17 74

27 75

20 62

31 55

24 45

26 49

27 33

32 2_

37 19

36 25

30 ?9

21 27

( thn,ugh September 30, 2000)

1 1

1 1

2 1

1

I

2 3

1 2

2

2

2

3 1

1 1

1

3

2 1

2 2

3 2

2 4
2

3 5

2 1

2 3

1 1

2 5

1 2

1 3

2 6

2 6

4
3

1

2 1

2 1

4

3

2

2

7

7 1

5 1

9 1

7 b 2

7 _

6 _ 2

i, 12 b 1

_1 10 1

11 1

11

10 1

7

O

O

.>

<

¢D

m

TOTAL 1,197 3,625 10 8 54 61 1 1 125 11 3

a. Since 1979, all Launches tier ESA metnber countries trave been j_fint and are listed under ESA.

b Includes fl_reign launches of U.S. spacecraft.

c. Thi> includes o_mmercial expendable launches and launches _i the Space Shuttle, but because this table records launches rather than spacecraft, it does

not inchlde separate ,,pacecra{t rck'ased tr_ln the Shuttle.

d. This inch)3es thc latmcb _ (2hinaSat 7, even th_,_Jgh a third sta_e r_vcke_lifihlre led _(>a virtlaally use]es,';,orbit for this c(_mmunications satellite.
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APPENDIX B

Successful Launches to Orbit on U.S. Launch Vehicles

October 1, 1999-September 30, 2000

0o Launch Date

Spacecraft Name

COSPAR Designation
Launch Vehicle

Apogee and

Perigee (km),

Period (min),

Mission Objectives Inclination to Equator (°) Remarks

©

O

r,/

L,

c/7

v_

c

<

Oct. 7, 199tJ
Na_smr 46 it!&A 14"_)

Dcha II

Nov. 2?,, 1999

U}:O I0

A,la_ IIA

Dec. 4, 1999

Ort_c, mun A-( ;
65A-G

*Pcw_,tts XI.

Dec. 12, 1999

DNISI' f:1_ (tiN,-\ 147)
67A

Titan

I)¢c. 18, 1999

Tcrr_l

,'_SA

Ad,_ IIAS

Dec. 20, 1999
STS-10_

69),

Space ShLLttl¢

Dec. 21, 1999

Konlph;_I

70A

-':T,I H TI I_

Dec. 21, 1999
A( 2111MSAT

70B

W, lt trip,

Jan. 2 I, 2000

l)S{Lq _ {USA i48)
IA

(;Iobal Positioning: 21,164 km

System (GPS) 20,097 km

n;iviWltion satellite "/'?,6.2 rain
53.1 °

UHF Follow on 10 Gc,,synchr,m.u_

i- n military
C _ II/]Illtlt/iC_lHOl'ls

sv_tcllirc

_..'ommmaic_tions 8_4 km

s,tcllltc 830 km
101.5 min

45 °

Qtnasi-milit:+r,, 851 km
scnclltrc 8_7 km

101.8 mm

98.9 °

Weather Satellite 685 km

654 km

98.1 nun

98.2 °

1lulqqc Space 609 kln

Telescope servicing 56?, km
Ini>sit m 96.4 mm

28.5 °

Ext_crimcntal 710 km
rOll/Ore scFLsR',g 688 km
salellitc 98.8 rain

98. _°

S,lar science 727 km
sa_tcllitc 683 km

99 min

98.:_ °

Militar_
Cltlllll/tlI_iC:l_JoIIS

sntctlitc

Gcosynchrorlotts

Jan. 27, 2000 Mililarv 773 km

J A\\Cq AT minisatcllitc 773 kn'_
4A 100.4 rain

Minutcm_m 100.2 °

U_,c_, visihlc,

infrared, _md

Inicrow_tve Jmil_ers

_o tnordtor weatl;cr.

Joint spacecraft with

Jat-,;m and (}m_ada,

Carries active

caviP¢ radi_nncter
irradiancc monitor

JllMCrtllllCll [.

Defense Satellite

( .'011111/tll'tiC ;I t it }n s

System 3.

Joint air tbrce

Academy-Weber

state university
SATellite launched

OCS, OPAL
FALCONSAT, and

ASUSAT

microsatcllitc.
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(Continued)

Successful Launches to Orbit on U.S. Launch Vehicles

October 1, 1999-September 30, 2000
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Launch Date

Spacecraft Name

COSPAR Designation
Launch Vehicle

Apogee and

Perigee (kin),

Period (rain),

Mission Objectives Inclination to Equator (°) Remarks

Jan. 27, 2000
O( :S

4B

Minuteman

Jan. 27, 2000
OPAL

4C

Min.rcm;in

Military 773 km Optical Calibration

microsatcllitc 773 km Sphere
100.4 nliR

100.2 °

Militar,, 773 km Orbiting
micr_,satcllitc 773 km Picosatcllitc

] 00.4 thin Autolnatcd

] 00.2 ° Launcher

Jan. 27, 2000 Milm,ry 773 km
E&L( 7ONSAT microsatcllitc 773 km

413 100.4 mm

Minuteman 100.2 °

l-.,a

o

o

:>

,<

Jan. 27, 2000 Military 773 km
ASUSAT micr,_satcllitc 77 :_km

4E 100.4 min

Mmutcnlm_ 100.2 °

Arizona State

University
SATdlitc

Jan. 27, 2000
Pic;_sat_ 4-8

4;I-M

N_ilT.tllcll1_ll7

Enginccrinv student 805 km

_:xpcrimcntal 750 km
satc[litcs I00.4 rain

100.2 o

Tethered

picosatcllitcs were

launched by OPAL.

Feb. 3, 2000

| tisp;t>at
7A
*Atlas IIAS

( ]o111 m tll'd c ;it iOl'lS (]t'osync hr_FLOU_,

satellite
Spanish spacecraft.

Feb. 8, 2000
Global_tar A-D

_A-D

*Delta I1

C_mtmt_nicati_ns 930 km

>atcllitc> 914 km
107,.5 rain

52 ° min

Final members of

Globalstar fleet,

now totaling 52

incmbers including

4 reserves.

Feb. 11, 2000
ST5-99

10A

5pace Shuttle

Earth mappin_ 242 km

mission 224 km
89.2 rain

57 °

J_int NASA-NIMA

(National Imagery

and Mappmv

Agency) mission to

produce a 3-1) map

of 70% _ffVlobal
tcrrail;.

Mar. 12, 2000

MTI

14A

TdtIFLLS

Quasi-military 614 km
rcc¢lnnai',',_mcc 577 km

s_ttcllitc 96.6 rain

97.4 °

Multi-spcctraI

Thermal Imager
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Successful Launches to Orbit on U.S. Launch Vehicles
October 1, 1999-September 30, 2000

Launch Date

Spacecraft Name

COSPAR Designation
Launch Vehicle

Apogee and

Perigee (km),

Period (min),

Mission Objectives Inclination to Equator (°) Remarks

_c

c

z_

c_

Mar. 25, 2000

IMAtIE

17A

Dch:_ II

May 3, 2000
¢,OES 11

22A

.L\tiu-iI,,\,_ 'cm_ulr

M_,,enct,,sphvric 45,9'05 km lmager fi,r

s_ lense s_wllitc 993 km Magnctopause-to-

856 ii"dn Aurora Glol_al

89.9 ° Exploration

\Vcalhcr ._ttcllitc ('k, _syllcllroI/OtlS

c.

,./2

May 8, 2000

DSl' 20 (LigA 14_11

24,*
Titan ]VB

Nliliuu-'_

r c'C t It/l!iliSSaDC t.'

smcllite

Q}eosvnchrorlous

-c

z

©

May 11, 2000

Nax,rar :,1 (1.1S.-\ I50)
2 _,_\

Delta I1

May IO, 2000
5 F.'-. 101

27A

Sp_cc 5hut_[c

May 25, 2000
Eutvls_t \V4

2SA

*Atl:,, Ilia

(;PS imvi_ation 20,200 km

,,at¢llitc 20,200 km
712 nun

:,5 o

Rcpuir _md upvradc 320 km

lntcrimtioitu] SDice 320 km

Station (IS,";) 91 nlin

51.6 °

( ii _111111LID.iC;IT i OllS ( _eosyi/c h rol-tOtl_

>uTcllilc

June 7, 2000
TSX
30A

*[k,e:,_us XI_

.klilit_n v satc]litc 1,704 km
404 km

106 mm

69 °

Tri-scrvicc

eXperiments 5

satellite is designed
tO mtll'litor other

spacecraft and
aircraft.

June _0, 2000
TDF, S 8

_4,'\

/\tl,,- I[.\

Tm_ kin,2 _,,_nl)ata

Rcla,, S_rcllirc
Gc()synchrLm,.is

July 14, 2000
Echo_u_r 6

_SA

::ATI:_, IIAS

t "o• t11Ill tlI] IC_tH( lIIs

satellite
(.)eosyllch rollOlls

July 16, 2000
N;w.tar 4N ((!SA 151 )

40;-\

l¥1ru II

20,456 km
167 km

_58 mm

39 °
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Successful Launches to Orbit on U.S. Launch Vehicles
October 1, 1998-September 30, 1999
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Launch Date

Spacecraft Name
COSPAR Designation

Launch Vehicle

Apogee and

Perigee (km),
Period (min),

Mission Objectives Inclination to Equator (°) Remarks

July 19, 2000 Experimental (.3rlqta[ paranaeters

Mightysat 2.1 technology military utlknowl'_

42A satellite

Minotaur

Aug. 17, 2000 Military-intelligence Orbiud paramc__'rs
USA 152 satellite Llnkn_,_n

47A
Titan IVB

Aug. 23, 2000 Dummy satellite to 20,6 :;4 km
DM-F3 test Immch 192 km

48A capability of new 361 mm
*Delta Ill l')eha 111 vehicle 27.{ _°

Sept. 8, 2000 Resupply and repair ?'86 km
STS-106 mission to the ISS ?,75 km

53A 92.2 mm

Space Shuttle 51.6 °

Sept. 21, 2000 Weather satellite 850 km
NOAA 16 84:; km

55A 102.1 mm

Titan 11 98'8°

* Colnmercial launch licensed as such by the Federal Aviatitm Adminism_ti_n. More launch data

http://ast .faa gt_v/lau,lch/hist_n'y.cfln.

Joint military-
National

Reconnaissance

Office ladar imaging
[l/{ssion.

are available at

t,,._

Q

>

<





APPENDIX C

U.S. and Russian Human Space Flights
1961-September 30, 2000
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Spacecraft Launch Date Crew Flight Time Highlights

(days:hrs:min)
-<

Vostok 1 Apr. 12, 1961 Yury A. Gagarin 0:1:48

Mercury-Redstone 3 May 5, 1961 Alan B. Shepard, Jr. 0:0:15

Mercury-Re&tone 4 July 21, 1961 Virgil I. Grissom 0:0:16

Vostok 2 Aug. 6, 1961 German S. Titov 1:1:18

Mercury-Atlas 6 Feb. 20, 1962 John H. Glenn, Jr. 0:4:55

Mercury-Atlas 7 May 24, 1962 M. Sc_tt Carpenter 0:4:56
Vostok 3 Aug. 11, 1962 Andriyan G. Nikolayev 3:22:25

Vostok 4 Aug. 12, 1962 Pavel R. Popovich 2:22:59

Mercury-Atlas 8 Oct. 3, 1962 Walter M. Schirra, Jr. 0:9:13

Mercury-Atlas 9 May 15, 1963 L. Gordon Cooper, Jr. 1:10:20
Vostok 5 June 14, 1963 Valery E Bykovskiy 4:23:6

Vostok 6 June 16, 1963 Valentina \,{ Tereshkova 2:22:50

Voskhod 1 Oct. 12, 1964 Vladimir M. Komarov 1:0:17
Konstantm P. Feoktistov

Boris G. Yegorov

Voskhod 2 Mar. 18, 1965 Pavel I. Puqyayev 1:2:2

Aleksey A. Leonov
Gemini 3 Mar. 23, 1965 Virgil I. Grissom 0:4:53

John W. Young
Gemini 4 June 3, 1965 James A. McDivitt 4:1:56

Edward H. White, II

Gemini 5 Aug. 21, 1965 L. Gordon Cooper, Jr. 7:22:55

Charles Conrad, Jr.

Gemini 7 Dec. 4, 1965 Frank Borman 13:18:35

James A. Lovell, Jr.

Gemini 6-A Dec. 15, 1965 Walter M. Schirra, Jr. 1:1:51
Thomas P. Stafford

Gemini 8 Mar. 16, 1966 Nell A. Armstrong 0:t0:41
David R. Scott

Gemini 9-A June 3, 1966 Thomas l_ Stafford 3:0:21

Eugene A. Cernan

Gemini 10 July 18, 1966 John W. Young 2:22:47
Micbael Collins

Gemini 11 Sep. 12, 1966 Charles Conrad, Jr. 2:23:17

Richard E Gordon, Jr.

Gemini 12 Nov. 11, 1966 James A. Lovell, Jr. 3:22:35

Edwin E. Aldrin, Jr.

Soyuz l Apr. 23, 1967 Vladimir M. Komarov 1:2:37

Apollo 7 Oct. 11, 1968 Walter M. Schirra, Jr. 10:20:9
Donn E Eisele

R. Walter Cunningham

Soyuz 3 Oct. 26, 1968 Georgiy T. Beregoww 3:22:5l

Apollo 8 Dec. 21, 1968 Frank B(_rman 6:3:1
James A. Lovell, Jr.
William A. Anders

Soyuz 4 Jan. 14, 1969 Vladimir A. Shatalov 2:23:23

Soyuz 5 Jan. 15, 1969 Boris V. Volynov 3:0:56
Aleksey A. Yeliseyev

Yevgeniy V. Khrunov

Apollo 9 Mar. 3, 1969 James A. Mcl)ivitt 10:1:l
David R. Scott

Russell L. Schweickart

First human flight.
First U.S. flight; suborbital.

Suborbital; capsule sank after landing;
astronaut safe.

First flight exceeding 24 hrs.
First American to orbit.

Landed 400 km beyond target.
First dual mission (with Vostok 4).

Came within 6 km of Vostok 3.

Landed 8 km from target.

First U.S. flight exceeding 24 hrs.
Second dual mission (with Vostok 6).

First woman in space; within 5 kin of Vostok 5.

First three-person crew.

First extravehicular activity (EVA), by Leonov,
10 rain.

First U.S. two-person flight; first manual
maneuvers in orbit.

21-rain. EVA (White).

Longest duration human flight to date.

Longest human flight to date.

Rendezvous within 30 cm of Gemini 7.

First docking of two orbiting spacecraft

(Gemini 8 with Agena target rocket).

EVA; rendezwms.

First dual rendezvous (Gemini 10 with

Agena 10, then Agena 8).

First initial-orbit docking; first tethered flight;

highest Earth-orbit altitude (1,372 km.).

Longest EVA to date (Aldrin, 5 hrs.).

Cosmonaut killed in reentry accident.

First U.S. three-person mission.

Maneuvered near uncrewed Soyuz 2.

First human orbit(s) of Moon; first human

departure from Earth's sphere of influence;

highest speed attained in human flight to date.

Soyuz 4 and 5 docked and transferred two

cosmonauts from Soyuz 5 to Soyuz 4.

Successfully simulated in Earth orbit operation of
lunar module to landing and takeoff from lunar

surface and rejoining with command module.

b_

O

O

2>

<

m

m
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U.S. and Russian Human Space Flights
1961-September 30, 2000

Spacecraft Launch Date Crew Flight Time Highlights

(days:hrs:min)

©

r,..

c

L_

c

<

Ap(,llo 10 May t8, lt_69 Thomas l_ Staflbrd 8:0:3

John W, Young

Eugene A. (_ernan

Ap_,tlo 11 July 16, 1969 Neil A. Armsmmg 8:3:9
Michael ( kdlms

Edwin E. Aklrin, Jr.

Soyu: 6 Oct. 11, 1969 Georgiy Shemin 4:22:42

M_tery N. Kubasov

Sovu= 7 Oct. 12, 1969 A.V. Filipchenko 4:22:41
Viktor N. Gorbatko

\"ladishtv N. V_lkov

Soytt: 8 Oct. 1 _, 1969 Vladimir A. Shatak_v 4:22:50

Aleksey S. Yeli_eycv
Apollo} 12 Nov. 14, 1969 (7harles Conrad, Jr. 10:4:36

Richard E G,mton, Jr.
Alan 1.. Bean

AD,IIo I _, Apr. 11, 1970 James A. L_well, Jr. 5:22:55

Fred W. Haisc, Jr.

John L. Swivert, Jr.

Soyu: 9 June 1, 1970 Andriyan (';. Nik_layev 17:16:59

Vitaliy 1. Sevastvanov

Ap, dl_, 14 Jan, _1, 1971 Alan B. Shcpard, Jr. 9:0:2
Stuart A. Roosa

Edgar l'k Mitchell

S_,yu: 10 Apr. 22, 1971 Vladimir A. Shamlov 1:23:46

Aleksey S. Yeliseyev

Nikolay N. P,ukavishnik,w

Sovu: 11 Junc 6, 1971 Geor_iy "E l)obrovolskiy 2:1:18:22
Vladislav N. Volkov

Viktor I. Patsayev

Ap, dlo 1_ lulv26 1971 l)avidR. Ncott 12:7:12
Alfred M. Worden

ames B. Irwin

Apollo 16 Apr. 16, 1972 John W. YL,ung 11:l:51

Charles M. Duke, Jr.

Thomas K. Mattingly II

Apollo 17 IX'c. 7, IO72 Eugene A. Cernan 12:1 _:52
Harrison H. Schmitt

Ronald E Evans

Skylab 2 May 25, 1973 Clrarle_ ('.,,nmd, Jr. 28:0:50

Joset, h 17 Kerwm

Paul J. Weitz

Skvlal, _ July 28, 1973 Alan L. Bean 59:1 h9

Jack R. l._,usma
Owen K. Garriott

S,,yu: 12 Sep. 27, 1973 Vasiliy G. La:arev 1:23:16

Oleg G. Makarov

Successfully demonstrated complete systeln,

including lur_ar m,_dulc u_ 14,3OO m from the
lunar surface.

First human landing on lunar surface and safe
return to Earth. First return of rock and s_il

samples to Earth and human deployment _ff

experiments on hlnar surface.

Soyuz 6, 7, and 8 operated as a _group flight

without actually docking. Each conducted

certain experiments,

including welding and Earth and celestial
observation.

Second human lunar landin_ explored surtacc t,f

Moon and retrieved parts of Surveyor 3

spacecraft, which landed in Ocean of Storms

on Apr. 19, 1967.

Mission aborted; explosion in service module.

Ship circled M_on, with crew u_,in_ Lunar

Module as "lifeboat" until just befi_re reentry,.

Longest human space flight to date.

Third human hmar landing. Mission demon.

strafed pinpoint landing capability and

continued huntan exploration.

Docked with Salyut 1, but crew did not board

space station launched Apr. 19. Crew

recovered Apr. 24, 197I.

Docked with Salyut 1, and Soyuz I 1 crew

occupied space stati_n t_r 22 days. ('rew

perished in final phase of S_,yuz 11 capsule

recovery on June _0, 1971.

Fourth human lunar landin_ and first Apollo "J"

series mission, which carried Lunar Roving

Vehicle. Worden's inflight EVA _f _8 ram.,

12 sec. was pedormed during return trip.

Fifth huntan lunar landing, with n,ving vehicle.

Sixth and final Apollo human hmar landing,

again with rm,mg vehicle.

[')ocked with Skylab I (launched uncrewed May

14) fi_r 28 days. Repaired damaged station.

Docked with Skylab 1 fi_r more than 59 days.

Checkout of imlm,ved %yuz.
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Spacecraft Launch Date Crew Flight Time Highlights
(days:hrs:min)

-<

Skylab 4

Sovuz 13

Soyuz 14

Soyu: 15

Soyuz 16

Soyuz 17

Anomaly (Soyuz 18A)

Soyuz 18

Soyuz 19

Apollo

Soyuz 2 I

Sovuz 22

Su ,uz 2 :_

So ,uz 24

So ,uz 25

So .'uz 26

So 'uz 27

So ,u: 28

So 'uz 29

So ,uz 30

Soyuz 31

Soyu: 32

Soyuz 3?,

Soyuz 34

Nov. 16, 1973 Gerald P. Carr 84:1:16
Edward G. Gibson

William R. Povue

Dec. 18, 1973 Petr 1+Klimuk 7:20:55
Valentin V. Lebedev

July 1, 1974 Pavel R. Popovich 15:17:30

Yury E Artyukhin

Aug. 26, 1974 Gennady V. Sarafanov 2:0:12
Lev S. Demin

Dec. 2, 1974 Anatoly \( Filipchenko 5:22:24

Nikolay N. Rukavishnikov

Jan. 10, 1975 Alekscy A. Gubarev 29:13:20

Georgiv M. Grechko

Apr. 5, 1975 Vasiliv G. Lazarev 0:0:20

Oleg G. Makan,v

May 24, 1975 Petr 1+Klimuk 62:23:20

Vitaliy 1. Sevastyanov
July 15, 1975 Aleksey A. Leonov 5:22:31

Valery N. Kubasov
July 15, I975 Thomas I_ Smffurd 9:1:28

Donald K. Slayton
Vance D. Brand

July 6, 1976 Boris _( Volynuv 48:1:32
Viraliy M. Zholubuv

Sep. 15, 1976 Valery E Bykovskiy 7:21:54
Vladimir V. Aksenov

Oct. 14, 1976 Vyacheslav D. Zudov 2:0:6
Valery 1. Rozhdesrvenskiy

Feb. 7, 1977 Vikror V. Gorbatku 17:17:23

Yury N. Glazkov

Oct. 9, 1977 Vladmur \L Kowdenok 2:0:46

Valery V. Ryumin

Dec. I0, 1977 Yury M Romanenko 37:10:6

Georgiy M+ Grechko

Jan. 10, 1978 Vladimir A. Dzhanibekov 64:22:53

Oleg G. Makarov

Mar. 2, 1978 Aleksey A. Gubarev 7:22:17
Vladhnir Remek

June 15, 1978 Vladimir \( Kovalenok 9:15:23
Aleksandr S. Ivanchenkov

June 27, 1978 Petr 1. Klimuk 7:22:4
Miroslaw Hermaszcwski

Aug. 26, 1978 Valery E Bykovskiy 67:20:14
Sigrnund Jaehn

Feb. 25, 1979 Vladimir A. Lyakhov 108:4:24

Valery V. Ryumin

Nikolay N. Rukavishnikov

Apr. 10, 1979 Georgi I. lvanov 1:23:1

June 6, 1979 (unmanned at launch) 7:18:17

Docked with Skvlab I in h,nv-duration mi_q,,n;

last of Skylab program

AstrophysicM, biological, and Earth I'ChOLII'CC>

experiment>.

Docked with Salyut 3 and Soyu: 14 crew

occupied space >tatiLm.

Rendezvoused l_ut dik{ I'1O1" dock wirl'h SAISIIf _,

Test uf Apedlo-Soyu: Test Prujuct (ASTP)

configuration.

Docked with Salyut 4 and occupied stati_n.

Soyuz stagcs fiuled to scpar_tc: ctcx_ rccoveR'd
after abort.

Docked with Salyut 4 and _!ccupicd >ration.

• _r,uet fi_r Apollo m do_kmg m'..I bqnt

experimct_t_ {,f ASTP m_s_,t_.

Docked with Soyu: 19 in i_int (ASTP)

experimems _,t ASTP mp,',t,_n.

l)ocked with Salyut % and L+ccupicd >ration.

Eard_ resuurccs stm]v with multi>pcctral camera

system.
Failed to dock _ith S:dyut 5.

Docked with Salver ":,and occupied station.

Failed t,, achieve h;,rd dock with Salyut 6

s[at iot'l+

Docked with SaLvttt 6, (_I'_.'Wreturned an

Soyu: 27; crew duration g6 daS,. 10 hrs.

Docked with Salyttt {_.Crew tctutFa'd ila

Soyuz 26; crew duration + d;B',, 22 lar+., 80 rain.

Docked with Salvttt 6. Rcmck was fir',t ( Euch
COSlnilI311tlt _1) or}_i|,

Docked with Salyut 6. Crew returned m Soyu: _,1;

crew duration 1 :_9 days, 14 hrs., 48 ram.

Docked with Salyut 6. Hermaszew_ki x_s tir>t
P{}li_h COSl//{lnattI r(i orlm,

Dockd with Salyut 6. Crew rcturned in S{_,cu: 29;

crew duration 7 days, 20 hr>., 4g rain.

Jaehn was fir>t German IX'mucra+ic Rcpulqic
COSI1]t)II_IIII + [0 orbit,

Docked with S_ll_.ut O. (]rew ietttrl_Cd il_ SIWu: _'4;

crew durati,)n 175 days, ?,(:,mm

Failed it) achieve dockm,_ Uritll Salyut 6 station.
Ivanov wa> |ir:-,t t_ttlRari;u_. Ci)MtlOll;ltlt tel orlqt,

Docked with S_dsut 6, later servt.'d as lorry t()r

Soyu: _,2crew whiR' S_,s_: _,2returned
without _ crc_.

;>

,<

q;
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Spacecraft Launch Date Crew Flight Time Highlights

(days:hrs:min)
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Soyuz _,5 Apr. 9, 1980 Leonid I. Popov 55:1:29

Valery V. Ryumin

Soyuz _6 May 26, 1980 Valery N. Kubasov 65:20:54
Bertalan Farkas

Sovu: %2 June 5, 1980 Yury V. Maly>hev 3:22:21
Vladimir V. Aksenox

Soyuz _'7 July 23, 1980 Viktor V. Gorbatko 79:15:17
Pham Tuan

.%,yuz 38 Sep. 18, 1980 "t\_ry \; Romanenko 7:20:47,
Arnaldu Tamayo blcndez

Soyu: T-3 Nov. 27, 1980 Leonid [3. Kizim 12:19:8

Olcg (). Makaruv

Gennady M. Strek_dov

Soyu: -i--4 Mar. 12, 1981 Vladimir \". Kovalcm,k 74:18:_,8

Viktur E Savinykh

Soyu: :_9 belar. 22, 1981 Vladimir A+ Dzhanibekov 7:20:4_

Jugderdemidiyn Gurragcha

Space Shuttle Apr .12, 1981 John W. Young 2:6:21

Columbia (STS- 1 ) Robert k. Crippcn

Soyu: 40 May 14, 1981 Leonid 1. I'opov 7:20:41
l)umitru I'rtmariu

Space Shuttle Nov. 12, 198I Joe H. Engle 2:6:13

( 7,,lumbia (STS+2) Richard t t+ Truly

Space Shuttle Mar. 22, 1982 Jack R. Lousma 8:0:5
(_olumbia (STS+ _) C. Gordon Fullert_n

Soyu: T-q May I:L 1982 Anatuly Berezovoy 211:9:5
Valentin Lubcdcv

S_r _: 1----6 June 24, 1982 Vladmfir Dzhanibckov 7:21:51
Aleksandr lvanchcnkov

Jcan-U,up Chr_ticn
Space Shuttle June 27, 1982 Thomas K. Mattinglv 11 7:1:9

(7olumbia (STS-4) Henry W. Hartsfield, Jr.

Sovu: T-7 Aug. 19, 1982 Leonid l_opOV 7:21:52
Aleksandr Sercbrov

Svetlana Savitskaya

Space Shuttle Nov. 11, 1982 Vance D. Brand 5:2:14

(7oh4mbia (STS-'5) Robert E (_vermyer

Joseph 11 Allen
William B. l.cnuir

Space Shuttle Apr. 4, 1983 Paul J. Weitz 5:0:24

(hallengcr (STS-6) Karul J. P,ohko
Donald H, Pcturson

E Stor_, Musgravc

Docked wnh Salyut 6. (2,c_ rumrnvd in Soyu: :_7.

Crew durati,_n t84 days, 20 hrs., 12 ram.

Docked with Salyut 6. (+'row ruturnud in S_yu: _,5.

Crew dunition 7 days, 20 hrs., 46 ram.

Farkas was first Ilun_arhm to _rbit.

Docked with Snlyul 6. First crewed flight _i ,_<'_-

gcncrati{m lurry.

[3t_'ked with balyut 6. (;rew rcturnud in Soyu: _,(_,.

(+'lcxs duration 7 day_, 20 hrx., 42 rain.
Pham v,,a> lJr-,t Vit:lll_tl//c.':_t: t¢t orbit.

Docked with Snlyut 6. Talnay,, wns lir_t ('ubnt_
to orl_it.

Docked _,_,ri{}'i _k_Hl_'llt 6. Fir>t thruc-lwrson flight

m Soviet provram since 1971

Docked _id_ S:dym 6.

Docked with Salyut 6. Gurragcha first M_ngoliam
COSlrll)l/iltlt til OF}MT,

First tlight of Spa_u Shuttle; ,c>tcd spatternit in

orbit. First landing ot airphmc-likc craft from
orlait for r_2tl_,u.

l)(,cked with S:dyut 6. Prunnriu fir*t I¢(,m_mian
cosn]Oll_ltit to _rbit.

Second tlivht _,f Space Shuttle; first s¢ ivntifi_

payl,,nd (OSTA 1). Tustud rumotc tnaniptdator
arlll, t_.cttlrncd for reuse.

Third flight ol Space Shuttle; second ',ciuntillc

payload (OSS 1 ). Second tc_t (,f runtotc

manipulator arm. Flight extcndud I day

because of floodin_ at primary Ltnding site:

alternate tm_din_ sih' u_ud. Rcturnud fi*r reuse,

Docked with Sal,,.ut 7. Cruw durnti_t_ nf 2 t I dn,,s.

Crew returned in Soyu: T-7.

Docked with ,qalyut 7. (.'hr_t ion first Frcmh
COSII'IOII_IIIT it3 t _l'[_J_.

Fourth flight ot Space Shuttle; first DoI) pw_,1oad;

additional >cicntific pa+lond,,, t2,cturncd JuLy 4.

Completed testing pr_vrmn. I{cturncd t_r reuse.

Docked with Salyut 7. Savitskaya >cc,,nd w_m_an

to orbit. Crew rcturnud in S_,yu: T-5.

Fitth flight of Space .Shuttle; first opurationnl
flight; latmchcd two omtmcr_ inl satellites

(SBS 3 :rod Anik (/-:_); first flight with four
cre_ ntcmbct>. EVA tcq c;mcclcd when

spacesmrs inalflin__t ioncd.

Sixth t] ight , ,f Space 5huttlu; [;uJnclwd TI )E,S-l
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Soyuz T-8 Apr. 20, 1987, Vladimir Titov 2:0:18
Gennady Streka[ov
Aleksandr Serebrov

Space Shuttle June 18, 1983 Robert L. Crippcn 6:2:24

Challenger (STS-7) Frederick H. Hauck
John M. Fabian

Sally K. Ride

Norman T. Thagard

Sovu: T-9 June 28, 1983 Vladimir Lyakhov 149:9:46
Aleksandr Aleksandrov

Space Shuttle Aug. 30, 1983 Richard H. Truly 6:1:9

Challenger (STS-8) Daniel C. Brandenstcin
Dale A. Gardner

Guion S. Blufi)rd, Jr.

William E. Th(_rnton

Space Shuttle Nov. 28, 1983 John W "_\mng 10:7:47

C_lumbia (STS-9) Brewster W. Shaw
Owen K. Garriott

Robert A. R. Parker

Byron K. Lichtenberg
elf MerN_ld

Space Shuttle Feb. 3, 1984 Vance l'). Brand 7:2:k16
Challenger Robert L. Gibson

(STS 41 -B) Bruce McCandless
Ronald E. McNair

Robert L. Stewart

Soyuz T-10 Feb. 8, 1984 Leonid Kizim 62:22:4_
Vladimir Solovev

Oleg Atkov

Soyuz T-11 Apr. ?,, 1984 Yury Malyshev 181:21:48
Gennady Strekal_w
Rakesh Sharma

Space Shuttle Apr. 6, 1984 Robert L. Crippen 6:27,:41

ChalIene, er Francis R. Scobee

(STS 41-C) Terry J. Hart
George D. Nelson

James D. wm Hoften

Soyuz T-12 July 17, 1984 Vladimir Dzhanibckov I 1:19:14
Svetlana Savistskaya

Igor Volk

Space Shuttle Aug. ?,0, 1984 Henry W. Hartsfield 6:0:56

Discovery Michael L. Coats
(STS 41-D) Richard M. Mulhme

Steven A. Hawley

Judith A. Resnik
Charles D. Walker

Space Shuttle Oct. 5, 1984 Robert L. Crippen 8:5:24

Challenger Jon A. McBride

(STS 41-G) Kathryn D. Sullivan
Sally K. Ride
David Leestma

Paul D. Scully-Power
Marc (}arl'leatl

Failed t_ achieve docking with Salyltt 7 station.

Seventh flight _t Space Shuttle; Immchcd tw,)

commercial satellites (Anik (.'-2 and Palapa

B-I); also launched and retrieved SPAS 01;

first flight wiih five crew members, including
first woman U.S. astronaut.

Docked with Salvut 7 stati_n.

Eighth flight o1 Space Shuttle; launched one
commercial satellite ([nsat I-B); first flight of

U.S. black asmmaut.

Ninth flight _f Space Shuttle; first flight of

Spacelab 1; first flight of six crew memb_'rs,
one of whom was West German; first non-U.S.

astronaut to fly in U.S. space program

(Merb, dd).

Tenth flight of Space Shuttle; t_o cominuni,.a-
tion satellites fiUled to achieve orbit; first

use of Manned Mal-teuverii'lg Ui'Ht il't space.

Docked with Salyut 7 >tation. Cresx set space
duration record of237 days. Crew returned

in Soyu: T- 1 I.

Docked with Salyut 7 station. Sharma first

Indian in space. ('.rew returned m

S(lytiz T.10.
Eleventh flight of Space Shuttle; deplovlnent of

L_mg-Duration Expo>ure Facilit', (1.I')EF-1)

i;._r later retrieval; SCalar Maximum Satellite

retrieved, repaired, and redeployed.

Docked with Salvut 7 seation. First tL'm de EVA.

Twelfth llight ol Space Shuttle. First flmht _,f
U.S. i1( ii-last r,._n_ll.l[.

Thirteenth flight of Space Shuttle; first with
seven crcw members, including first flight

()f tWO U.S. WOlllei-i ;li'ld t)lle (.'all_ldHll

(Garneaut

b_

0
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Space Shuttle

Discovery
(STS 51-A)

Space Shuttle

Discovery

(STS 51 -C)

Space Shuttle

Discovery
(STS 51-D)

Space Shuttle

Challenger

(STS 5 I-B)

Soyu: T- 13

Space Shuttle

Discm,ery
(STS 51-G)

Space Shuttle

Challenger
(STS 51-F)

Space Shuttle

Discovery

(STS 51-I)

Soyuz T- 14

Space Shuttle
Atlantis

(STS 51 -J )

Nov. 8, 1984 Frederick H. Hauck 7:23:45

David M. Walker

Joseph P. Allen
Anna L. Fisher

[)ate A. Gardner

Jan. 24, 1985 Thomas K. Mattingly :;:1:33

Loren J. Shriver
Ellison S. Onizuka

James E Buchli

Gary E. Payton
Apr. 12, 1985 KarolJ. Bobko 6:23:55

Donald E. Williams
M. Rhea Seddon

S. [)avid Griggs

Jeffrey A. Hoffman
Charles D. Walker

E. J. Gain

Apr. 29, 1985 Robert E Overmyer 7:0:4

Frederick D. Gregory
Don L. Lind

Norman E. Thagard
William E. Thornton

Lodewijk van den Berg

Taylor Wang
June 5, 1985 Vladimir Dzhanibekm, 112:?,:12

Viktor Savinykh

June 17. 1985 Daniel C. Branden_tcm 7:1:39

John O. Creighton
Shannon W. Lucid

John M. Fabian

Steven R. Nagel
Patrick Baudry

Prince Sultan Salman Al-Saud

July 29, 1985 Charles G. Fullerton 7:22:45

Roy D. Bridges
Karl C. Henize

Anthony W. England

E Story Musgrave
goren W. Acum

John-David E Bartoe

Aug. 27, 1985 Joe H. Engle 7:2:18

Richard O. Covey

James D. van Hoften
William E Fisher

John M. Lounge

Sep. 17, 1985 Vladimir Vasyutin 64:21:52

Georgiy Grechk_
Aleksandr Vulkov

Oct. 3, 1985 Karol J. Bobk_ 4:1:45

RonaM J. Grabe
Robert L. Stewart

David C. Hilmers

William A. Pailes

Fourteenth flight of Space Shuttle; first retries'al
and return of two disabled ccmmmnications

satellites (Westar 6, l'alapa B2) u, Earth.

Fifteenth STS tlight. Dedicated 1),_I) missi_,n.

Sixtt-enth STS flight. Twt_ communications

satellites. First U.S. Senator in space (Garn).

Seventeenth STS flight. Spacelab-?, in cargo bay
of Shuttle.

Repair of Salyut-7. Dzhanibekm' returned to

F.a_th with Grechk,, ,,n S,_yu: T-I 3 spacecraft,

Supt. 26, 1985.

Eighteenth STS flight. Three c_mmtmicari_ms

satellites. One reusable payl_ad, Spartan-1.

First U.S. flight with French and Saudi
Arabian crew InenilTers.

Ninetecnrh STS flivht. Spacelal,-2 in _;ug_ hay.

Twentieth STS flight. Launched three communi-

cations satellites. Repaired Syncom IV-3.

Docked with Salyut 7 station. Vikt_,r Savinykh,

Alek_andr Volkov, and Vladimir Vasyutin
returned t,, Earth Nm'. 21, 1985, when

Vasyutin became ill.

Twemv-iirst STS flivht. Dedicated l')oD missum.



APPENDIXC
(Continued)

U.S. and Russian Human Space Flights
1961-September 30, 2000

111

Spacecraft Launch Date Crew Flight Time Highlights

(days:hrs:min)
-<

r_

Space Shuttle

Challenger

(STS 61-A)

Space Shuttle
Atlantis

(STS 61-B)

Space Shuttle
Culumbia

(STS 61-C)

()ct. 30, 1985

Nov. 26, 1985

Jan. 12,1986

Soyuz T- 15 Mar. 13, 1986

Soyuz TM-2 Feb. 5, 1987

Soyuz TM-3 Jul'r' _2, 1987

Soyuz TM-4 Dec. 21, 1987

Sovuz TM-5 June 7, 1988

Soyuz TM-6 Aug. 29, 1988

Space Shuttle Sep. 29, 1988

l)iscuvery (STS-26)

Soyuz TM-7 Nov. 26, 1988

Henry W. Hartsfield 7:0:4_

Steven P,. Nagel

B_mnie J. Dunbar

James E Buchli

Guion S. Blufi_rd, Jr.
Ernst Messerschmid

Reinhard Furrcr (FRG)

Wubbo J. Ockcls (ESA)
Brewster H. Shaw 6:21:4

Bryan D. O'Connor

Mary L. Cle_we

Sherwood C. Sprin.g

Jerry L. Ross
Rudolfi_ Neri Vcla

Charles D. Walker

P,_bert L. Gibson 6:2:4

Charles E Bolden Jr.

Franklin Ch_mg-D/az

Steve A. Hawley

George D. Nels,m
Robert Ccnker

Bill Nelson

Leonid Kizim 17;5:1:1

Vladimir S{]l{,vyov

Yury Romancnko 174:3:26

Aleksandr Laveykin

Aleksandr Viktorenko 160:7:16

Aleksandr Alcksandrov

M_hammed Farts

Vladmur Titov

Musa Manarov

Anatoly Levchenk_)

180:5

Viktor Savinykh 9:20:13

Anat_,[y S_lovyev
Aleksandr Aleksandrov

Vladimir Lyakhov 8:19:27
_qdery l',,[yakov
Abdul Mohmand

Frederick H. Hauck 4:1

Richard O. Covey

John M. L,_t,nge
David (2. Hihners

Ge.r:ec l). Nelson
Aleksandr Volkov 151:l 1

Serge}, Krikalev

]ean.L_mp Chrdtien

Twenty-second STS flight. Dedicated German

Spacclah D-1 m shuttle cargo hay.

Twenty-third STS fli.uht. Launched three con>

munications satellites. First flight of Mexican

astronaut (Neri Ve 0.

Twcnty-fi+urth STS flivht. Launched ¢+nc com-
municatitms satellite. First member of U.S.

lhnlse ,,f Representatives in space (Bill

Nels_m).

Docked with Mir space stalion on May 5/6

transt;erred to Salyut 7 complex, On June 25/26

transferred from Salyut 7 back to Mir.

D_,ckcd with Mir space station. Romanenko

established long-distance stay in space record

of _26 days.

l)_cked with Mir space >tation. Aleksandr

Aleksandrov remained in Mir 160 days,

returned with Yury Romanenk_}. Viktorenkt}

and Farts returned in Soyuz TM-2, July 30,

with Aleksandr Laveykin who experienced

ntedical prolqem_. Farts first Syrian in space.

Docked with Mir space station. Crew of Yury
Rontanenko, Aleksandr Aleksandn,v, and

Amm_ly Levchenko returned Dec. 29 in

Sm'u: TM- _,.
Docked with Mir space statnm; Aleksandrov first

Bulgarian in space. Crew returned Jun. 17 in

Soyuz TM-4.
Docked with Mir space station; Mohmand first

Af;_hanistani m space. (.'rew returned Sept. 7,

m S_yu: TM-5.

Twenty-sixth STS flight. Launched TDRS-3.

Docked with Mir space >tation. S<_yuz TM-6
returned with Chrdtien, Vladimir Titov,

and Musa Manan_v. "/]tm, and Mananw

om/pleted 366-day mission Dec. 21. Crew tff

Krikalev, Volkov, and Valery P_lyakov

returned Apr. 27, 1989, m Sce_'uz T/vi-7,

b.a
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Space Shuttle

Arhntis (STS-27)

Space 5huule

I)isca,ery (5T5-29)

Space Shuttle

Atlantis (ST5- _;0)

Space Shuttle
Cohmbia (STS-28)

%yuz TM-8

Space Shuttle
Atlantis (ST5- 34)

Space Shuule

l)isc,_wv (5T5-:t _,)

Space Shuttle

G,lumbia (ST5- 32 )

Soyuz TM-9

Space Shuttle

Atlantis (STS- _6)

Space Shuttle
l)a',rer'; (5T5- _,1)

5oyu: TM-10

Dec. 2, 1988 R_bcrt "[toot" Gibs, m 4:9:6

Guy 5. G_mlner
Richard M. Muli'ane

Jerry L, Ro>s

William M. Shepherd

bhr. 13, 1980 Michad L (7,_at,, 4:2_,:39

J&n E. Blaha

James I_ Bagian

James E Buchli

Robert C 5prinRer

May 4, 1989 [')avid M. W_lker 4:0:57

Ronald J. Grabe

N,_rman E. Thav_rd

S'l_ry 1.. C'leav_'
Mark C. Lee

Aug. 8, 1989 Brewster H. 5ha;_ 5:1

Richard N. Richards

James C. Adamson
David C. Lecstma

M_,rk N. l_,l'own

Sep. 5, 1989 Aleksandr Vik>renk_ 166:6

Alek._andr 5erebrov

Oct. 18, 1989 Donald E. Willmm_ 4:2 :_::19

Michael J. Me( :ulley
Shannon W. Lucid

Franklin R. (-'hanv-I')f_:
Ellen S. B;_ker

Nm'. 22, 1989 Frederick P. (;r<.ry 5:0:7

John E Blah:

Kahryn C. ThorntLm

E S>ry Musgravc

MnnIev t.. "Sonny"( "arter

Jan. 9, 1990 l_aniel C I'¥,ndenstein 10:21

James D. Wethcrbee

Bonnie J. Dunl_:lr
Marsha 5. ivins

G, David Low

Feb. 11, 1990 Anamly 5dovp_v 178:22:19
Alcksandr l'_alan,iin

Feb. 28, I990 John O. Crcight,_n 4:10:19

John H. Casper
David C. Hilmers

Richard H. Mull:me

Pierre J, Thuot

Apr. 24, 1990 L,_ren I. 5hriver 5:1:16

Charles E Bdden, Jr.

Steven A. Hawley
Bruce McCandless 11

Kathryn D. Sullivan

Aug. 1, 1990 Gennady Manakov I _,0:20:a,6

Gennady 5m_kalm'

Twenty-seventh STS flight. Dedicated PoI')
miss>n.

Twenty-eighth 5TS flight. I.aunclaed TI)R5-4.

Twenty-ninth ST5 flight. Venus orbiter

Magellan launched.

Thirned_ STS fliRh/. Dedicated Dd) mission.

Docked with Mir _pace su_i,_n. (_rew d
Viktorenko and Serebrov returned in

5;_yuz TM-8, Feb. 9, 1990.

Thirty-lirst 5T5 flight. Launched Jup,er prol_e
and .rbiter G_lile_.

Thirty-,,econd5T5/light. Dedicated I)d)
mission.

Thirty-third 5T5 flight. I.aunched Syncom IV-5
and remeved LDEE

Docked with Mir space _ta_ion. Crew returned

A_,g. 9, 1990, in So,/uz TM-9.

Thirty-fourth STS ilight, lYdica[ed 1)d_
mission.

Thirty-filth 5TS fli,-hL Launched Huhble Space
Telesc_,pe (HST).

Docked with Mir sDce _tation. Crew rcmlnCd

Dec. 10, 1990, wida Tm'.hir_ Akiyallla,

Japanese cosmonaut and iournalist in q_ac_'.
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Space Shuttle Oct. 6, 1990 Richard N. Rich_rds 4:2:10

l)iscover_ _ (STS-41) R_hert D. Cabana
Bruce E. Mclnick

William M. Shepherd
Thoma., D. Akers

Space Shuttle Nov. 15, 1990 Richard O. Covey 4:21:55

Atlantis (STS-38) Frank L. Uulbertson, Jr.
Charle> "Sam" Gemar

Robert C. Sprm_cr

Carl J. Meade

Space Shuttle Dec. 2, 1990 Vance 1). Brand 8:2:1:5

C_Jlumbia (STS-_,6) Guy S. Gardner
Jeffrey A. Hoitmm_

John M. "Mike" Lounge
Robert A. R. Parker

Samuel T. l)urrance

Ronald A. Parise

Soyuz TM-I 1 Dec. 2, 1990 Vikror Afana>yev 176:01:52
Musa h[anarov

Toy¢_hir_ Ak iyama

Space Shuttle Apr. 5, 1991 S/even R. Nagel 6:0:32
Atlantis (STS-:_7) Kenneth I). Cameron

Linda Godwin

Jerry L. Ross

Jay Apt
Space Shuttle Apr. 28, 1991 Michael L. Coats 8:7:22

Disc_,very (STS- 39) Blaine H amm_n_d, j r.

(_rcgorv [.. Har/_augh

Donald R. Mc.Monagle

Guion S. Blufi_rd, Jr.

Lacy Veach

Richard J. Hieh

Soyuz TM-12 May 18, 1991 Anatoly Artsebarskiy 144:15:22

Sergei Krikalev
Helen Sh;mnan

Space Shuttle June 5, 1991 Bryan D. C)'Connor 9:2:15

(_olumbia (STS-40) Sidney M. Gutierre:

James P. Bagi;u_

Tamara E. Jcrni_an
M. Rhea Seddon

Francis A. "l)rcw" Gaffney

Millic f iu_zhc>-Fulfi,rd

Space Shuttle Au_, 2, 1991 John E. Blaha 8:21:21

Atkmtis (STS-4:;) Michael A. Baker
Sh;mnon W. Lucid

G. David Low

James C. Adamson

Space Shttttlc Sup. 12, 1991 John (.'rcighton 5:8:28

Discm'ery (ST5-48) Kenneth Reighfler, Jr.
Charles D. Gemar

James E Buchli
Mark N. Brown

Thirty-sixth STS flight. Ulysses spacecraft to

investigate interstellar space and the Sun.

Thirty-seventh STS flight. Dedicated DoD
mission.

Thirty-eighth STS flight. Astro-I in cargo bay.

Docked with Mir space station. Toyohiro

Akiyama returned Dec. 10, 1990, with

previous Mir crew of Gennady Manakov

and Gennady Strekalov.

Thirty-ninth STS flight. Launched Gamma Ray

Observatory to measure celestial gamma-rays.

Fortieth STS flight. Dedicated DoD mission.

Docked with Mir space station. Helen Sharman

first from United Kingdom to fly m space.

Crew of \,'iktor Afanasycv, Musa Manarov,

and Helen Sharman returned May 20, 1991.

Artsebarskiy and Krikalev remained on board

Mir, with Artsebarskiy returning Oct. 10, 1991,

and Krikalev doing so Mar. 25, 1992.

Forty-tirst STS flight. Carried Spacclab l_ife

Sciences (SLS-I) in cargo bay.

FLirty-second STS tlight. Launched flmrth

Tracking and Data Relay Satellite
(TDRS- 5 ).

Forty-third STS flight. Launched LJpper

Atmosphere Research Satellite (UARS).

O

:>

<

m



114

c

APPENDIX C

(Continued)

U.S. and Russian Human Space Flights
1961-September 30, 2000

Spacecraft Launch Date Crew Flight Time Highlights

(days:hrs:min)

co

.;z

©

©

e7

¢,"

eo

r_

eo

m

L_

c

©

.<

S,,yuz TM-1 il

Space Shuttle

Atlantis (STS-44}

Space Shuttle

l)i_cm'er'_ (STS-42)

Soyu: TM- 14

Space Shultle
Adantis (STS-45)

Space Shuttle
Endeav, ur (STS-49)

Space Shuttle
( Sdumbia (STS-50)

Smtu: TM- 1 "5

Oct. 2, I991 Aleksandr Volkov 00:16:00

Toklar Aubakm,_

(Kazakh Republic)
Fmnz \:ichl_oeck (Austria}

Nov. 24, 1991 Frederick I% Grew,ry f_:22:51
T_m_ Henricks

Jim \.'oss

E St,,ry Muslarave
Marit, Runco, Jr.
Tom H¢IIIIcFI

Jm_. 22, 1992 R(,nald J. (]rad_e 8:1:15

Stephen 5. Uiswatd

N,,rman E. Thagard
l)_ id C. ttihners

William E Readd¥
R_berta L I_,,mlar

Ulf MerBold (ESA)
Mar. 17, 1992 Aleksandr Viktorenko 145:1"5:11

Aleksandr Kaleri

Klaus-Dietrich Flade

(Germany)

Mar. 24, 1992 Charles E Boldcn 8:22:9

Brian 1)ufly

Kad3ryn 1). Sullivan
David ( 7. Leestma

Michael Foale

Dirk D. [:rm>ut

P,yron K. Lichtenberg

May 7, 1992 Daniel C. Branden_tein 8:21:18
Kevin E (Thiht,n

Richard J. ttieb
Bruce E Mdnick

Pierre J. Thuot

Kathryn t7 Thorni<m
Thomas D Aker_

June 25, 1992 Richard N Richards I 3:19: _O
Kenneth D. P,mvers,_x

Boi-ii-lie l )tillt_ar

Elh'n Baker

Carl Meade

Lciwrcnce J. t)eLucas

Eugene H+ Trinh

July 27, 1992 Anatoly Solov$,ov 189:17:4_

Sergci Avdeycv
Michel To,hint (Fiance)

Docked with Mir space station. Crew returned

Oct. 10, 1991, with Anatoly Artsebarskiy

in the TM- 12 ,pacccrait.

F<_r/y-fourth STS flight. Launched 1)ellmse

Supp_rt l'ro_ram 'ti'_SP) satellite.

F_my-fifth STS f]ighi, (2arried Internati_mal

g{icro_ravity |_ab_rat_ry-1 in carg*_ bay.

First manned CIS space mission. Docked with

Mir _pace station Mar. 19. The TM-I 3

capsule with Flade, Aleksandr _,i,lkov, and

Sergei Krikalcv returned to Earth Man 25.

Krikalev had been in space 313 days.
Viktorenko and Kaleri remained on the

Mir space station.

F,_rtv-sixth STS flight. Carried Atmospheric

Laboratory fi_r Applicati_ms and Science
(ATLAS-1 ).

Forty-seventh STS flight. Reboosted a crippled
INTEI.SAT \q ct,illlntiniclil-iolln s_ttellite.

Forly-eighth STS flight. Carried U.S.

Micn_gravitv I._d,.r, tory-1.

Docked with Mir space station July 29. Tovnini

rvturned to Earth m TM-I4 capsule with
Alcksandr Viktorenko and Aleksandr Kaleri.

S,>k,vyov and Avdeyev spent over six months

in the Mir orbital complex and returned t.
E,rih in the descent vehicle .f the TM- 15

_,pac¢cralt on Feb. 1, 1993.
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Spacecraft Launch Date Crew Flight Time Highlights

(days:hrs:min)

Space Shuttle Jul. 31, 1992 Lorcn J. Shriver 7:23:16
Adsmtis (STS-46) Andrew M. Allen

Claude Nicollier (ESA)

Marsha 5. Ivin_

Jeffrey A. Hoffman

Franklin R. Chang-D/a:

Franco Malcrba (haly)

Space Shuttle Sop. 12, 19<)2 Robert 1.. Gibson 7:22:30

Endeav_,ur (STS-47) C'urtis L. Brown, Jr.
Mark (2. Lee

Jer_m_e Apt

N. Jan Davis

Mac C. Jemis.n
Mamoru Mohri

Space Shuttle Oct. 22, 1992 James It. Wetherbee 9:20:57

C,dumbia (STS-52) Michael A. Baker

William M. Shepherd

Mm_ara E. Jernigan
Charles I.. Veach

Stcven (L Mackcan

Space Shuttle Dec. 2, 1992 [)avid M. Walker 7:7:19
1)iscm,erx (STS-53) Robert D. Cabana

Gui_m S. Blufi_rd, Jr.

James S. \q,ss
Michael Richard Cliflbrd

Space Shuttle Jan. 1 ?', 1997, John H. Casper 5:2?,:39

Endeav,,ur (STS-54) l){,nald R. McMonagle

Gregory J. Harbaugh

Mark_ Runco, Jr.

Susan J. t felms

S, wuz TM-16 Jan. 24, 1993 Gennady Manakov 179:0:44
Alcksm_dr P,_lcschuk

Space Shuttle

l)i_cm'ery (STS-56)

Space Shuttle

( 5dmnbiu (STS-55)

Space Shuttle
Endeavour (STS-57)

Apr. 8, 1997, Kclmctb I). Camer_m 9:6:9

Stephen 5. Oswald
C. Michael F_mlc

Kenneth D. Cockerell

Ellen OchL,a

Apr. 26, 1993 Steven R. Nage[ 9:2 L:_9
Terence "12 Hcnricks

Jerry 1.. Ro_s

Charles J. Precourt

P,crnard A. Harris, Jr.

Ulrich Walter (Germany)

Hans _( Schlegcl (Gemmny)

June 21, 1993 R,mald ]. (';rabe 9:2 _,:46

Brian J. Dufiy
U. l)avid Low

Nm_cy J. Sherlock
Pcwr J. K. glisoff

Janice E. \/¢,ss

Forty-ninth STS flight. Deployed Tethered

Satellite System-1 and Eureca 1.

Fiftieth STS flight. Carried Spacelab J. Jemison

first African American woman to fly in

space. Mohri first Japanese to fly on NASA

spacecraft. Lee and Davis first married couple

in space together.

Fifty-first STS flight. Studied influence of

gravity on basic fluid and s_lidification

processes using U.S, Microgravity

Payload-I in an international miss/on.

Deployed second Laser Geodynamics Satellite

and Canadian Target Assembly.

Fifty-second STS flight. Deployed the last major

DoD classified payload planned for Shuttle

(DoD 1) with ten different secondary payloads.

Fifty-third STS flight. Deployed Tracking and

Data Relay Satellite-& Operated Diffused

X-ray Spectrometer Hitchhiker experiment to

collect data on stars and galactic gases.

Docked with Mir space station Jan. 26. On

July 22, 1993, the TM-16 descent cabin

landed back on Earth with Manakov,

Po[eschuk, and French cosmonaut Jean-Pierre

Haignere from Soyuz TM-17 on board.

Fifty-fourth STS flight. Completed second flight

of Atmospheric Laborator 3' for Applications

and Science and deployed Spartan-201.

Fitb;4iffh STS flight. Completed second

German nficrogravity research program in

Spacelab 17-2.

Fify-sixth STS flight. Carried Spacelab com-

mercial payload module and retrieved
European Retrievable Carrier in orbit since

August 1992.
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Smu: TM-17

Space Shuttle

1)iscm'ery (STS- _,1 }

Space Shuttle
t ;,,lumbia {STS-58)

Space Shuttle

l'_'ndcat,,ur (STS-61)

Suvu: TM- 18

Space Shuttle

I }i>cm'ery (STS-601

Spate Shuttle
_.,,lmnbia (STS-62 }

_pa_c _hutth"

EnJcar,nr (STS-59)

S,,vu: T.M-10

July 1, 1993 Vasiliy Tsibliyev I96:17:45
Aleksan& S*:rvl,r,w

Jean-Pierre Haignere

Sep. 12,109_ Frank 1.. ('ulbert_*,n, Jr. 9:20:11

William E Readdy

James It. Newman
Daniel W Bursch

Carl E. Walz

Oct. 18, 1993 John E. P,laha 14:0:29
Richard A. Searfus_,

Shannon W. Lucid
David A. Wolf

William S. McArthur

Martin J. Fettm_m
Dec. 2, 1993 Richard O+ Covey 10:19:58

Kenneth l). F,_wersox

Tom Akers

Jetlrey A. Hoffman

Kathrvn C. Thornton
Claude NicolIier

F. Story Musgrave

.fan, 8, I094 Vikt,,r +_fLlnasycv 182:0:27
Yuri U:,ac hey

Valery Polyakov

Feb. _, 1994 Charles E Bulden, Jr, 8:7:9

Kt,nneth S. Reightler, Jr.

N. Jan Davis
Ronald M, Sega

Franklin R. Char, g-Dfaz

Sergci K. Krikalev (Russia)

Mar. 4, 1094 John ll. C.asper 13:2_:17
Andrew M. Allen

Pierre J. Thuot
Charles D. Gemar

?vlarshn S. Ivins

Apr. 9, 1094 Sidney M, Gt_tierrt': 11:5:50
Kcvin E I..'hiltun

Jerome Apt
Michael 1"I.(_littbrd

Linda M. Godwin

Thomas D. Junes

July 1, 1994 guri 1. Malenchenko 125:22:53

Tatwlt A..Musabwye',

Docked with Mir space station July 3. Haignere

returned to Earth with Soyuz TM-16. Seret,r_+v

and Tgbliyev landed in TM- 17 spacecraft on

Jan. 14, 1994.

Fifty-seventh STS flight, l)epluycd ACTS
satellite to serve as testhed fur new

communications satellite technology and
U.S./German ORFEUS-SPAS.

Fifty-eighth STS flight. Carried Spacelab Life

Sciences-2 payload to determine the efk'cts

,_f microvravity on M. Rhea Se&h,n

and animal sul_jects.

Fifty-ninth STS flight. Restored planned

scientific capabilitic_ and reliability of the

Hubble Space Telescope.

Docked with Mir space station Jan. 10.

Afanasyev and Usachev landed in the TM- I 8

spacecraft on July 9, 1994. Polyakov remained

aboard Mir in the attetnpt to establish a new

record for endurance in space.

Sixtieth STS flight. Carried the Wake Shield

Facility to generate new sen/i-conductor

tihns for advanced electronics. Also carried

SPACEHAB. Krikalev's presence signified a

new era in cooperatinn ill space between
Russia and the United States.

Sixty-first STS flight. ('arried U.S. Microgravity
Pa_'load-2 to ctmduct experiments in materials

proce>sing, biotechm_logy, and other areas.

Sixty-second STS flight. Carried the Space

Radar Laboratory-I to gather data on the
Earth and the effects humans have un its

carbon, water, and Cl'icrgy cycles.

l)ocked with Mir space station July 3. Both

Malenchenko and Musabax;ev returned to

Earth with the Soyuz TM-19 spacecraft,

landing in Kazakhstan un N,y. 4 together

with UIf tVlerbold of Germany, who went up

aboard Soyuz TM-20 on Oct 3, i994.

Merbold gathered biological samples on the

effects of weightlessness on the human body

body in the first _,f two ESA mission> re+ Mir

to prepare fur the International Space
Stat ion.
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Space Shuttle July 8, 1994 Robert [ _. (.?aban;_ 14:17:55

Ci}h+mbia (ST\-65) James D. [Ialscll, Jr.

Richard J. t]icb
Carl E. Wad:

Lcroy Chia,,
13,,n_fld A. Tb,,mas

{ _hiaki Naito-Mukai (Japan)

Space Shuulc Sop. 9, 1994 Richard N. P,ich:_rds 10:22:50

Discm,ery (STS-64) k Blaine 1 tamlm}nd, Jr.

J. M. Lincnger

Susan J. Hehns

Carl J. Meade
Mark C. Lee

Space Shmtle Sop. :_0, 1004 Mich_R'l A. Baker I 1:-_:_¢_

_'ldcd't,_l+r (STS-68) Tt:rfci'tcc W. Wilcutt

Thumas D, Jones
S_cvcn 1.. Smit}_

Daniel \_( Bursch

Peter J. K. V,ei.._tt

Soyttz TM.20 (Oct. :;, 1904 AIeksandr Viktorcnk, *
Yclen_, K,mdako,.'a

UI¢ Mcrk,ld (ESA)

Space Sht,ulc Nov. :L 1904 Dun_,ld R. McM_)n;_vlc 10:22:34

AtDntis {ST5-66) Curtis k Brown, Jr.
Ellen OcHtm

J_+scph R. T.umcr

.Ic:m-,t:rm_qui_ Clcrv{,+ (ESA)

Scot! E. ParazSl'_,ki

Space Shutdc Feb. :;. I_B}5 James i). Wcthcrbcc 8:6:28
1)iscot,erx (STS-6_,) Eilccn M. Cullm>

Bernard A. ltarri'.. Jr.
('. Michael Fo_dc

Janicc E. \"oss

Vladimir L;. Tit,+,.' (I{u..sia)

Space Shuttle Mar. 2, 1995 Stephen S. Oswald 16:15:8

Emleav+,ur (STS-{G) William {.], {}l'C_t'l+T '

John M. (_)runqcld

\\/cI'Rlv B. I.:m'rcncc
Tamara E..lcrm,.z,:u_
l_,,n_,ld A. P;uisc

Samuel 72 i'h,rranec

Sixt};-third ST\ flight+ Carried [t',terna/iona[

Microgra;'ity I.al',,._ratt_rv-2 tu o.*nduct research
ii'ffo the l',cha,,'i,.}r _,t tna_urials ar, d lit,..' in near

wcicd_tlcssncs,.

Sixty-fl_urth SIS ilit_ht. Used LIDAR In-Space

T_.'chnt+logy ]_Sxperimcnt to pcrt_)rm atmos-

pheric research, lnchhdcd the tirst untcthcrcd

spacewalk by astronauts in over l t2 vcati'>.

Sixts.fitth ST\ flight. Used Space P,ad_tr

Laboraturv-2 t_} provide scientists with data t_

help distinguish human-induced cnvirt,'m_cnral

ch;m_c {r,m} other natural fi,rms ot chart.co.

Sovu: TM-19 rcn Ull'_U<lt{) Earth ,,n N,w. 4, 19¢._4,

with Yuri Malcnchcnk_, TMgat Musabaycv,

+rod tJIt Mcrl,,,td. \/;llcriv P{,lyakm remained
:d_oard Mir.

Sixty-sixth ST\ flight. Three mare puyl, mds: the

third Attar}spheric L_d_orat_ry fi_r Applicati_,ns

and Science (ATLAS-_,), the Hrsr Cryogenic

Infrared Spccrr_rnctcr_, and Tclesc_,pc_, h)r the

,_tm¢}sphcrc-Shuttlc Pallc_ Satellite (CRISTA-
SPAS-I), and the Shuttle S,+lar Backscarter

k!ltmviolet (SSP, UV) specmnnetcr. Astrunaut,.

a/so conducted I',r_+tcit; crystal vrowth

CXpCl'i n',CI'LIS.
Sixty-seventh ST\ i]i_ht. Primary object ix',.': tm,t

cl{_,,c ci-tcountcr iP. nearly 20 years bctwcct_

Alncricai't and Ru>sicm spacecraft as a l',rchRtc

t{_ cstatblishmer, t t+f h_tcrnational ++":,pact.,

Stath+n. (Shuttle flew oh,so bv r,+ Mir.) Mare

I+ayhmds: Spaccl'utb :; cxtwrimcnts and Slmttlc
P<m_rcd At.,,n<,m(,us P,cscarcla Tool/i,r

Astt,}nomy (Spartan) 204, \,,lid Sut't2lcc

{..'t,tnl_ustion Ex pcrinB:nt (SS( ?E), and Air

Ft,rcc Maui Optical Site (AMOS} (.'atibration

It-st. Als, 1;nmchcd very ,mall Orbital I3ebris

Radar (2ditwatiot; Slq;Ct'Cs (ODEP, A(]S).

Sixty-cighd_ ST\ tli_ht. Lun_c_,t Shuttle missiun

tu date. Primary: payload was at trio ,,f ultra-

viulct telescope', called Astr_-2.

t,,4
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Soyuz TM-21 Mar. 14, 1995

Space Shuttle June 27, 1995
Atlantis (STS-71 )

Space Shuttk" July 13, 1995

Discm,er'_, ( STS- 70)

Soyuz TM-22 Sep. 3, 1995

Space Shuttle Sep. 7, 1995
Endeavour (STS-69)

Space Shuttle Oct. 20, 1995

C,dumbia (STS-7 _,)

Space Shuttle Nov. 12, 1995
Atlantis (STS-74)

Space Shuttle Jan, t 1, 1996

Endeavour (STS.72)

Soyuz TM-23 Feb. 21, 1996

Vladimir Dezhurov

Gennadi Strekalov

Norman Thagard (U.S.)

Robert L. Gibson

Charles J. Precourt
Ellen S, Baker

Gregory Harbaugh

Bonnie J. Dunbar

9:19:22

Terence Henricks 8:22:20

Kevin R. Kregel

Nancy J. Currie
Donald A. Thomas

Mary Ellen Weber
Yuri Gidzenko *

Sergei Avdeev
Thomas Reiter (ESA)

David M. Walker 10:20:28
Kenneth D. Cockrell

James S. Voss

James H. Newman
Michael L. Gernhardt

Kenneth l'). Pa}wersox 15:21:52

Kent V. Rominger
Catherine G. Coleman

Michael Lopez-Alegria

Kathryn C. Thornton
Fred W. Leslie

Albert Sacco, Jr.

Kenneth D. Cameron 8:4: !_1

James D. Halsell, Jr.

Chris A. Hadfield (CSA)

Jerry L. Ross

William S. McArthur, Jr.

Brian Duffy 8:22:1
Brent W. Jett, Jr.

Leroy Chiao
Winston E. Scott

Koichi Wakata (Japan}

Daniel T. Barry
Yuri Onufrienko *

Yuri Usachyou

Thagard was the first Americm_ astrommt t{, fly

on a Russian rocket and to stay on the Mir

space station. Soyuz TM-20 returned t{_ E_rth

{m Mar. 22, 1995, with Valeriy Polvak{w,
Alexsandr Viktorenko, and "felena

Kondakow_. Polyak,,v set w,,rld record by

remaining in M_ace 10r 438 days.
Sixty-ninth STS flight and one hundredth U.S.

human space flight. Docked with Mir space

stati_n. Br{_ught up Mir 19 crew (Anatoly Y.
S{4ovyev and Nik_4ai M. P,udarin). Returned

to Earth with Mir 18 crew (Vladimir N.

Dezhurov, Gennady M. Strekalm', and

Norman Thagard). Thavard .,et an Amcricm_

record by remaining in space ti,r I15 days.
Seventieth STS flight. Deph,yed Trackm_ mad

Data Relay Satellite (TDRS). AI_. c,,ndtRIcd

various biomedical experiments.

Soyuz TM-21 returned h, Eard_ on Sep. 11, 1995,

with Mir 19 crew (Anatoliy SohB, ycv and

Nik{}lav Budarm).

Seventy-first STS flight, i)ephwed Wake ShMd

Facility (WSF-2)and Spartan 201-03.

Seventy-see{rod STS flivht. Carried {n_t mien>

gravity experiments with d_e LI.S.

Microgravity l.;lborat,)ry (L!SML-2)

payl,md.

Seventy-thmt STS flight. D,,cked with .\tzr

space statii}n as part ,4 lnlerlmtiLnmi Space
Station (ISS) Phrase I eflbrts.

Seventy-h_urth STS tlight, l)epl_wcd eAST

Flyer. Retrieved previously launched

Japanese Space Flyer Unit _atellite. Crew

perfi_rmed spacewalks to build expcrienLe
fi}r ISS construction.

Soyu: TM.22 returned t,) Earth on Feb. 29, 1996,

with MIr 20 crew (Yuri (hdzenko, Ser_ei
Avdeev, and Th,,mas P,eite_ ).
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Spacecraft Launch Date Crew Flight Time Highlights
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Space Shuttle Feb. 22, 1996
Columbia (STS-75)

Space Shuttle Mar. 22, 1996
Atlantis (STS-76)

Space Shuttle May 19, 1996
Endeavour ( STS-77 )

Space Shuttle June 20, 1996
Columbia (STS-78)

Soyuz TM-24

Space Shuttle
Atlantis (STS-79)

Aug. 17,1996

Sep. 16,1996

Space Shuttle Nov. 19, 1996

Columbia (STS-80)

Space Shuttle Jan. 12, 1997

Atlantis (STS-81)

Andrew M. Allen 13:16:14

Scott J. Horowitz

Jeffrey A. Hoffman
Maurizio Cheli (ESA)

Claude Nicollier (ESA)

Franklin R. Chang-Dfaz
Umberto Guidoni (ESA)

Kevin P. Chilton 9:5:16

Richard A. Searfoss

Linda M. Godwin

Michael R. Clifford

Ronald M. Sega
Shannon W. Lucid**

John H. Casper 10:2:30
Curtis L. Brown

Andrew S. W. Thomas

Daniel W. Bursch

Mario Runco, Jr.
Marc Garneau (CSA)

Terrence T. Henricks 16:21:48

Kevin Kregel
Richard M. Linnehan

Susan J. Helms

Charles E. Brady, Jr.

Jean-Jacques Favier (CSA)
Robert B. Thirsk (ESA)

Claudie Andre-Deshays (ESA) *

Vatery Korzun
Alexander Kaleri

William E Readdy 10:3:19

Terrence W. Wilcutt

Jerome Apt
Thomas D. Akers

Carl E. Walz

John E. Blaha**
Shannon W. Lucid***

Kenneth D. Cockrell 17:15:53

Kent V. Rominger

Tamara E. Jernigan

Thomas David Jones

E Story Musgrave

Michael A. Baker

Brenr W. Jett

Peter J.K. "Jeff" Wisoff

John M. Grunsfeld
Marsha S. lvins

Jerry M. Linenger**

John E. Blaha***

10:4:56

Seventy-fifth STS flight. Deployed Tethered

Satellite System, U.S. Microgravity Payload

(USMP-3), and protein crystal growth

experiments.

Seventy-sixth STS flight. Docked with Mir

space station and left astronaut Shannon
Lucid aboard Mir. Also carried SPACEHAB

module.

Seventy-seventh STS flight. Deployed

Spartan/Inflatable Antenna Experiment,
SPACEHAB, and PAMS-STU payloads.

Seventy-eighth STS flight. Set Shuttle record

for then-longest flight. Carried Life and

Microgravity Sciences Spacelab.

Soyuz TM-23 returned to Earth on Sep. 2, 1996,
with Claudie Andre-Deshays, Yuri

Onufrienko, and Yuri Usachev.

Seventy-ninth STS flight. Docked with Mir

space station. Picked up astronaut Shannon

Lucid and dropped off astronaut John Blaha.

Set record for hmgest Shuttle flight. At age 61,

Musgrave became oldest person to fly in

space. He also tied record for most space

flights (six) by a single person. Crew

successfully deployed ORFEUS-SPAS 11
ultraviolet observatory and Wake Shield

Facility payloads.
Fifth Shuttle mission to Mir. Jerry Linenger

replaced John Blaha as U.S. resident on Mir.
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S{}yu: TM-25 Feb. 10, 1997 Vasily T, ibliev *

Alcksandr La:mkil_

Reinhold EwaLt

Space Shuttle Feb. 11, 1997 Kenned_ D. E,._ers.x 9:27,:?,6

/),'w,,t mx (STS-82) Scurf J. th,r,,wit:

Joseph R. Z,nncl
Stcven A. Ha_lev

Gregury J. tt_u'bm_uh
Mark (. Lcc

Ste,.cp. L Smith

Space Shuttle Apr. 4, 1997 James D. ltalsell, Jr. 3:2 :k _4
(7.t,mbia (5TS-83) Susan L Still

Jmfi_c .2 P..,
Micht_et I_. (;t'rtl['_nrdt

1 ),,nald A. Tt"_cqnm.

P,o_er K. { £rouch

{.3reg,+r} 32 1.inreri_

Space Shuttle Ma,, 15, 1997 Charles J. l'rco,mt 9:5:2 I
Adantis (STS-84) Eileer, MaNe ( 2,llm_.

Jcml-Fnm,4oi> (-_lcrv¢ ,_

C2uh_> I. Norieg,

Eda_mt T, mV I.,,
EDna V. K.ml_&w_

Michael Foale**

Jerry M I.incngc, r***

Space Shutdc July I, I997 Jnlne. D. l tal.cll, Jl.. ] 5:16:4%
( T<dumt',ia {STS-94) Su>m_ L. St ill

Lmlce \"o_

Mich:tel L. (;eNT.l'l:ttdt
Dun;dd ?,. I-humas

[_o_cr K. ( Jr[nit1/

{.;rc,.:orv T. kinR'ri,,

S,,vu: TM 2{_ Aug. 5, 1007 An_m,I$ SuI,*x,.e,. *

l'_tvel Vin,+_rnd,+,,

Spacc Shurtk' Auu. 7, 1c}07 (2trti,, L. l:,r,.nvn, Jr. 11:20:27

1)iscover., (STS-85) Kent V. R_ mm_gcr

N. Jan Davis

]_.,bert L. (:urbean_,, Jr.

Stepher, K. 1)_,4qt'p,, '17

Space.. Shuulc Sep. 25, 1997 James D. Wethert'cc 10:19:21

Atlantis {STS-80) Michael J. I_,t_otnfR.ld

Sc,,tt E. l"al'n:yi>ki
Vl:Rtimi_ Tit,w

Jem-_-I.oup ( .'h_drien
\Vend\ B. Lawrence

L)ux id A. \";'%It**

(7. ,Mi,.h:d F¢,ale***

S,,S'u: TM-24 returned t,} Eard_ tw, March 2,

1997, with Remhuld Ewald, Valery Korzun,
and Alek-.andr Kaleri.

Crew succcsqhtl 5 perfl+_n'.ed sec,,nd -,ervicit;e

n+is,i,,n of the } h,lqqc Space Tule_,oq_c.

(;rex;' dcpl{,yd a Spacelab mdule o}ntigurd as

the HISt Microgravlt} Scicl)Ce I.aborat,>rv.

Shuttle fuel dl iYmihll-_cth}n necessitated an

C' H'Iv luHlliI't;ith!l_ (lf the ltlission.

Sixtl, SlmHlc' ini,,sion 1o £hr. Michael F, mlc

relq:tced Jerry Liimnver ,_t'_ .\.'lit'.

Reflight ut STS-83 and the snm,.' payl,>ad, the

5.'iicro+_'P.tvitv Science I.;d_,,mtory. Mi+._-i.t;

proo.:,:dud suecessftaHv.

S%t+: TM+2q remrnd tt> I:;_rtl+ ,,t+ Autgust 14,

1997, wida V;NI,, T, ibliux mad AleksmMr
La:utkm.

{ M*w >uccesshlll$ deph,ved tw,} pa,,'h_ads:
(Tt?.ISTA-SPAS.2 ,'11 infia,d r_,diation and

aP, intcrnati_>n_d t litchhiker packagc of Mtlr

expermv:nP, on uhr_+,.'iolet radiation. The

_.rm_ ;_['_ '.u,_ce..hllly perJi,zmeJ the .];ip_mese

Mamipulator Flight l)cmoc, stratn,n ot a
F_)17_/[ it ;trill.

ScxentH Shuttle ,.]_}ckit'_ with .\,tit. David W,,lf

replacd Michael F,,;,Ic on Mir. Para:ynski

and Tm,v perlormcd a .DRcwalk to retrieve

fl)ttr Mir Envir{,t'mwnt:d Effects I_ayhmd

uxpc'rin/etlts from thc exterior ot the do_king

n]{,dulc and Icft .i ..olaf nrrny ct}'.'er ,.;q-, fl_r

D_,silqc (uture repMr oi the damaged St)ckn
ntt_dule.
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Spacecraft Launch Date Crew Flight Time Highlights
(days:hrs:min)

.<

r_

Sp:to+. Shuttle Nov. 19, 1'-)97 Kcvin R. Krcucl 15:16:_4
('.dumbid {STS-87) Stu_.n W. l.it/d>c'v

K dp,na_{:h;m I_
\VHqst,lll E _Coli

l.c,,nid K. Kitd,:n,+,k

Space Shuulu l;tl_. 22, 1998 Tcrl_.'F,_+u W \\/il<utz 8:19:47
Endeav,ur (STS-Sg) J.u E E&_,rd,, Jr.

lam_us t{t'_uill,, 11
Mich_cl P. /',nd,..]>,,n

B,u'mic .l. i)ttrd>an

."qalizh m 5. Shmipov
An,lrcvv S, "Fh, ,m_,,**

D_p,'id A. \\/_IU"::

Sm'uz TM-27 Jnr+. 29, 1998 Talvm N:1tI>IIINt}L'V *
Nik.lm }'.udarm

I.u.p.L{ t'_yhnrt s

Space Shuttle Apr. 17, 19% Richard A. Scarh,'._ 15:21:50

Colmnbia (STS-90) Sc_+u I'L Altm,n
Richard M. IArmul_,m

Kathr;l_ R I life

t'_Myd,,t P,l',ys \\/illi_m>

Ja+ (Thrk Buckcv, Jr.

Jatmo. A. I+a+wlczsk

Space Sl'_uttlc Jur_c 2, 190> _.:h,,lv, ]. I'rv,.t_unt ¢}:19:4S

l)esc, ter 7 (STS-01) I'J,,mmi,+ L. Pudwill Guric
Fnankhn R. (._};m_g-l)fil:

\\/cr..Is I+,. I._m,r,.n_.c
Jnnct l+rw,K:p, nr,di

V:,lcly V. ['_ymnin
,'_t_dn,.",', 5. Wh,,m,, =_*

Soyuz TM-28 Aug. 13, 1998 (icp.t'md S I+;_d,lk, *
%'rvui Ax Jccv
'fmi Bmurm

Space S};uttlu Oct. 29, 1998 (7urti_ [+. I+,rtv,',n, .Jr. 8:21:44
l)i+c,t:er; (STS-95) Stcvcn W. I.inJ+cy

So,tt E. ]'itl'4Zyll>ki

5tcplu.'n K. R.bit>.n

I'dn+ I)uquc (ESA)
(.'hmki Xtul,:m (NASTY/\)

l_,hn If. (qcnn

Spucc Shuttle l)uc. 4, 1<->9_ ]{t,l_ut _ l "L( _abap.a 1 I: 19:18

Emlc,n,_mr (STS-88) Frc&'rick W. Su,ck,,w

J,m,.". I i. Nvv+'mm_

N;InL',+ J (iurric

Jurry L. R,,s,
S:t-,_:ui K. Krik:du_ (F,SA)

Soyi.lZ TM-29 Feb. 20, 1999 \'ikt_+r Atm'ms_,,.'v *
Jcm',-lhu_rc [ ImL:n;.'re (F.SA)

Payhmds included USMP-4, Sp_rtan 201-04

tree-flyer, (]c, ll_;.l_orativ¢ Ukrainiat +,

Exlwrimcnt (('.[JE) in space bi+.',loav, and

,u',,cr_d _+thcr "hitchhiker" t,_wl,,ads.

Eighth Shuttle docking r.'tr_>ion to h'[il. /'+,.ndruw

Thomas replaced l'_r,'id \\"oil on Mir. S}',uttlc

r,,,,h,ad_ iucludcd SI'ACEI tAP, d,,utqe

ll/_lklHl¢? 0'[ SCJCIICq' 'JNI+_CrilI_L'I+II%

Sm'u: TM-2{5 [eft Mir ;rod returned to Earth +.+n

February 19 ,:,ith AnatutV Sohwyc,., P_wul

\/iI/Ogl'_ldov, iH_d Lvup,>M E',/h;trts.

(_;trriud NuurN;',l_ nlt+dtilc ik+r n'dcr_+_r_l,.'ity

rcscklr_.h ip. the lltllllill/ I1CI'Vlltl _- sys[cnl.

5c_ondatrv goal> includo.t mca++urcmcnt of

Sb.uttlc vibration h+rces, dctnon:+,traPit_t't _[ the

bioru_u, h+r system for cell growth, and three

Gut Away Special p_t,+hmd>.

I.;>t of nine docking missiot_.s ',vit}_ Nlir, this one

brouvht home Andn.'v. Thotn_ts. Payhmd>,

inchtdo.i DoE's Alpha Magnetic Spo.tron',,:tcr

to study high-cncrg} p:;rticlcs from deep
sp,cc, fi+ur Get Away Special>, and tv,'u Sp;tcc

Expcritncnt Modules.

i),+ckcd to Mir usit'_g tnat'mal backup %stCrL_

bccdtn-,c o| pti_n iailurc oI o:'_c ,',f two

autcm_atic systems. S_)X/LL2 TM-27 left Mn +

returned to Earth with Talgat Musabaycv,
Nikol_,i Budarin, m:d Yuri Bamrin.

Payh,ad, included a SPA( :EHAB

ptcssurizcd nlodulc, the Paros, at

C(H1211Fitlnic;ltions illl/iltC/lI S itetlitc, _llld

the Sp;ntam 201-05 ,,olar ot_scrvator_.

i'crh>ttnud bit>mcdic;d cxpcrmwtu> _+t;

_p;tcc flight und :tgit'tg. Sccot;d tlid;t ot

j,.,l',n (}l,:nn.

I>ayhmds included Unity (Node 1 ), the
first Ll.B. moduk' of the ISS, as well _'.

SA('..-.A. :rod ,kligl'_tysat 1.

Soyu: mis>iun to Mir.

P,,.a

O

.>

rm,

.<
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U.S. and Russian Human Space Flights
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Spacecraft Launch Date Crew Flight Time Highlights

(days:hrs:min)

...G

0

0

D_

r,/

¢/3

"O

C

eo

m

C

0

,<

Space Shuttle May 27, 1999 Kent V. Rominger 9:19:13
I)iscove_ (STS-96) Rick D. Husband

Daniel T. Barry

Valery 1. Tokarev (RSA)
Ellen Ochoa

Julie Payette (CSA)

Tamara E. Jernigan
Space Shuttle July 23, 1999 Eileen M. Collins 4:22:50

Columbia (STS-93) Jeffrey S. Ashby
Michel Tognini (CNES)

Steven A. Hawley
Catherine G. Coleman

Space Shuttle Dec. 19, 1999 Curtis L. Brown 7:23: i 1

Discovery (STS-103) Scott J. Kelly
Steven L. Smith

C. Michael Foale

John M. Grunsfeld
Claude Nicollier

Jean-Francois Clervoy

Space Shuttle Feb. 1 l, 2000 Kevin Kregel 11:5:38
Endeavour (STS-99) Dominic Gorie

Gerhard P.J. Thiele

Janet Kavandi

Janice Voss
Mamoru Mohri

Soyuz TM-30 Apr. 4, 2000 Sergei Zalyotin 72:19:43
Alexander Kaleri

Space Shuttle May 19, 2000 James Halsell, Jr. 9:20:9
Atlantis (STS-101) Scott Horowitz

Susan Hehns

Yury V. Usachev

James Voss

Mary Ellen Weber

Jeff Williams
Space Shuttle Sept. 8, 2000 Terrence Wilcutt 11 :19:11

Atlantis (STS- 106) Scott Altman
Daniel Burbank

Edward T. Lu

Yuri I. Malenchenko

Rick Mastracchio

Boris V. Morukov

ISS supply and repair mission; also

launched the Starshine student passive
reflector satellite.

Deployed Chandra X-ray Observatory.
Collins was first female commander of a

Shuttle mission.

Hubble Space Telescope Servicing Mission _3

Shuttle Radar Topography Mission (SRTM).

The main objective of STS-99 was to obtain
the most complete high-resolution di_:ital

topographic database of Earth, using
a special radar system.

Final Soyuz mission to Mir.

Second crew visit to the International Space

Station ISS (2A.2a), to deliver supplies,
perform maintenance, and reb*u}st its orbit.

Third logistics/outfitting flight to ISS (2A.2b)

to prepare the station for its first resident crew.

* Mir crew members stayed k_r various and m'erlapping lengths of time.

** Flew up on Space Shuttle; remained in space aboard Russian Mir space station.

*** Returned to Earth via Space Shuttle from Russian Mir space station.
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m

Vehicle
Stages:

Engine/Motor Propellant a

Max. Dia

Thrust x Height

(kilonewtons) b'' {m)

Max. Payload (kg) d

Geosynch. Sun-

185.km Transfer Synch.
Orbit Orbit Orbit'

First

Launch t

m

-<

Pegasus

1. Orion 50S Solid

2. Orion 50 Solid

L Orion 38 Solid

Pegasu* XL
1. Orion 50S-XL Solid

2. Ori(,n 50-XL Solid

3. Orim3 38 Solid

_aurus

0. Caqor 120 Solid

1. Orion 50S Solid

2. Orion 50 Solid

_,. Ori,n 38 Solid

Delta ii

(7920, 7925)
I. RS-270/A LOX/RP-1

Hercules GEM (9) S,_lid

2. AJI0-118K N204/A-50
:L Star 48B Solid

Atlas E

1. Atl;,_:MA-_

Atlas I

1. Atlas: MA-5

2. (]cntaur I:

RL10A-LL_ {2)

Atlas I1

1. Atlas: MA-5A

2. Centaur II:

RI.10A-LL a, (2)

Arias IIA

I. Atlas: MA-5A

Centaur II:

RLIOA-4 (2)

Atla:- IIA%

1. Attar: MA-5A

Castor IVA (4)'

2. Centaur 1I:

RLIOA-4 {2)

LOX/RP-1

LOX/R P. 1

LOX/LH:

LOX/RP-I

LOX/LH:

LOX/RP- 1

LOX/LH 2

6.71x15.5 h

484.9 1.28x8.88

118.2 1.28x2.66

:_1.9 0.97xl.34

6.71x16.93

743.3 1.28x10.29

201.5 1.28x3.58

31.9 0.97xl.34

2.34x28.3

1,687.7 2.34x11.86
580.5 1.28x8.88

138.6 1.28x2.66

31.9 0.97xl.34

2.44x29.70

1,043.0 (SL) 3.05x38.1
487.6 (SL) 1.01x12.95

42.4 2.44x5.97

66.4 1.25x2.04

3.05x28.1

1,739.5 (SL) 3.05x21.3

4.2x43.9

1,952.0 (SL) 3.05x22.16

73.4/ 3.05x9.14

engine

4.2x47.5

2,110.0 (SL) 3.05x24.9

73.4/engine 3.05x10.05

4.2x47.5

2,ll0.0 (SL) 3.05x24.9

92.53/engine 3.05x10.05

4.2x47.5

LOX/RP-1 2,110.0 (SL) 3.05x24.9
Solid 433.6 (SL) 1.01Xll.16

I.OX/LH: 92.53/engine 3.05x10.05

380

280 _

460
35ff

1,400 255

1,08ff

5,089 1,842'

3,890 _

820 ¢

1,860 Ck

2,255

6,580 2,810

5,510'

6,828 3,062

6,17ff

8,640 3,606

7,30ff

210

335

1,020

3,175

91¢

4,300

4,750

5,800

1990

1994 _

Not

scheduled

1990,

Delta-7925

[1960, Delta]

1968, Atlas F

[1958,

Atlas LV-3A]

1990, I [1966,

Atlas Centaur]

1991, II [1966,
Atlas Centaur]

1992, Atlas

IIA [1966,

Atlas Centaur]

1993, IIAS

[1966,

Atlas Centaur]

i-.a

o

o

>

<
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(¢ ;,ntinued)

U.S. Space Launch Vehicles

Stages:

Vehicle Engine/Motor Propellant +

Max. Dia

Thrust x Height
{kilonewtons} _'' (m}

Max. Payload (kg} d

Geosynch. Sun.

185.km Transfer Synch.
Orbit Orbit Orbit"

First
Launch f

©

o..

Titan 1I

1 LR-ST-AJ-_ {2)

2. I.tt-9 I-AJ-_

_tan I[I

0. Titan tlt Slt]',1 {2)

{ 5- I/2 sc_met_lt',)

1 LRS7-A.]-I 1 (2)

2 I.ROI-AJ+I 1

N204/A-50

N204/A-50

Solid

N2©4!A-qO

N204/A-50

1,04:,.0

440.0

6210.0

1,214.5

4_2,8

LtPSx42.9

:L05x21+5
:L05x12.2

;_05x24.0
_.05x10.0

1,905'

14,81 "3 S.000 t

1988,

Titan II :gI.V

I1964, Titre ii

Gemini]

IoS_,
Tmmlli

I1964,

TmmIIIAI

,2, Titan IV

0. TmmlV SRM(2}

(7 ,e,.1'mcnt s)

1. I.RS7-AJ-11 (2)

2. LP,gl-AI-11

S,M

N204/A-G0

N204,,'A-50

7,000,0

1+214,$

462.S

3.05x62.2 17,700 6,_0"

3.11x34.1 14,110'

3.05x26.4
L05x1C.O

1989,
Tiranl\ ....

,o

c

0

<

Titan I\/

0. Titan IX' 5RM (2)

t7 _,r,gmcnt>,)

l. l.ltST-Al-ll {2)

2. LR_}I-AI.I I(I)
( _t.'I1[LItlF:

Pd.-t0:\- _- _,a

4 5RMU

{:, ,,cainunt,,)

Spa,._' Shuttle
1 ,";It B:

Shutdc SRB {2)

2 Ortmcr/ET:

.qSNIE (_)
g, L"rBiicr/C )lktS:

t)M5 t'nRitle. (2)

>.liJ

N!04!A4©

N204/A-_0

LOXILtI:

.<<,lid

l.c%q.t I:

N:0.jMNltl

7,000.0

1,214._,!en_inc

462.5

7L4

7090

11,790.0 (SI.)

1,668.7 (SI.)

26.7

4.:;x62 2

L1 lx_4.1

:, 05x26.4

_,05xl0+C

4.:Ixg.0

L_x}4. _,

2Ugx%.14 _

L70x45.46

>,41 x47.0C

2 :_79x :_7.24_'

2 _,79x 37.24 _'

24,900"

{ET)

{.rbiR, r}

$,760'

5,900 P

1994,
Titan I\ ....

( :cnt_ltir

19Sl,

( 5,[umbia

l)dta III

1. ftSC7A

Alliant GEM (o)

2. RL-1OB-2

_. S_ar 48B

I.OX/RI'. I
Solid

I.OX/LI t:
Sdkl

1,04 ],,0 (St+)
608.8

110

66.4

4xB9.1

116x14.7

4x8.8

1.2qx2+04

<q )c}l 3>810 6,768 1098_
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NOTES:

Pr_pellant abbreviations used are as fellows:

A-50 = Aeruzine 50 (50% Monomethyl Hydrazine,

50% Unsymmetrical Dimethyl Hydrazinc)

RP-1 = Rocket Propellant 1 (kerosene)

Solid = Solid Propellant (any type)

LH, = Liquid Hydrogen

LOX = Liquid Oxygen

MMH = Munomethyl Hydrazme

N2Q = Nitrogen Terruxide

b. Thrust at vacuum except where indicated at sea level (SI.).

c. Thrust per engine. Multiply by number of engines for

thrust per stare.

d+ lt_clination uf 28.5 ° except where indicated.

e. Pular launch from Vandenberg AFB, CA.

f. First successful orbital launch [ditto t+f initial version].

g. First launch was a failure

h. Diameter dimensitm represents vehicle wing span.

i. Aplqies to Delta 11-7925 vursit+n _+nly.

j. Two+ Cast_+r IVA motors ignited at liftuff. Twu Caster IVA

mot_t's ignited nt .approximately 57 seconds mtu flight.

k. With TE-M-+64-4 upper stng_..

I. With Tr;msfer Orbit Sta_c.

11't+

l'l,

\\/ith apprt+priatt' tipper stagc

Sp:_ce Shuttle Solid R,>cket Boosters fire m parallel with the

Space Shuttle Main Engines (SSME), which are muunted on
the aft end of the Shuttle Orbiter Vehicle and burn fiJel, and

oxidizer frum the External Tank. The buosters stav_' first, with

SSME's _ut+tinumg tL+fire. The External T:mk stages next, just

bob+re the orbiter attnir_s ,+rbit. The Orbiter Maneuvering

Sul_systcm is then used t_ maneuver _r chan_e the _rbit of the

Orbiter Vehicle.

o. 204-kin circular _+rbit.

p. With Inertial L1ppt'r Sta_c or Transfcr Orbit Stage.

-<

i,,,.a

>.

.<

,a-

NOTE: Data should not be used for detailed NASA mission planning without concurrence of the

Director of Space Transportation System Support Programs.
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Space Activities of the U.S. Government

HISTORICAL BUDGET SUMMARY_BUDGET AUTHORITY

(in millions of real-year &_llars )

NASA NASA Total

FY Total Space DoD Other DoE DoC Dol Ag NSF DoT Space

©

Q.

c

c

O

©

.<

1959 ]]1 261 490 34 _4 785

1060 524 462 561 43 43 1,066

1961 964 926 8t4 68 68 1,808

1062 1,825 1,797 1,298 199 148 51 3,294

1063 _,67_ _,626 1,550 257 214 4_ 5,4_

1964 5,100 5,016 1,599 21_ 210 3 6,828

1965 5,250 5,138 1,574 241 229 12 6,95_

1966 5,175 5,065 1,689 214 187 27 6,968

1967 4,966 4,830 1,664 213 184 29 6,707

1968 4,587 4,430 1,922 174 145 28 0.2 1 6,526

1969 _,991 3,822 2,013 170 118 20 0.2 1 _1 6,005

1970 3,746 3,547 1,678 141 103 8 1 1 28 5,366

1971 L_I1 3,101 1,512 162 95 27 2 1 _7 4,775

1972 3,307 3,071 1,407 133 55 31 6 2 39 4,611

1973 _,406 3,093 1,623 147 54 40 10 2 41 4,86_

1974 3,0_7 2,759 1,766 158 42 60 9 3 44 4,68_

1975 _.229 2,915 1,892 158 _0 64 8 2 54 4,065

1976 3,550 _,225 1,98_ 168 2_ 72 10 4 59 5,_76

TQ* 9_2 849 460 gl 5 22 3 I 12 I,_52

1977 3,818 L440 2,412 194 22 91 10 6 65 6,046

1978 4,060 _,623 2,7t8 226 _4 105 10 8 71 6,587

1979 4,596 4,030 3,036 248 59 98 10 8 73 7,_14

1080 5,240 4,680 3,848 251 40 93 12 14 72 8,759

1981 5,518 4,992 4,828 234 41 87 12 16 78 10,054

1982 6,044 5,528 6,679 313 61 145 12 15 80 12,520

198_ 6,875 6,328 9,019 327 _9 178 5 20 85 15,674

1984 7,458 6,858 10,195 595 34 2_6 _ I9 I0_ 17,448

1985 7,57_ 6,925 12,768 584 _4 42_ 2 15 110 20,277

1986 7,807 7,165 14,126 477 35 _09 2 2_ 108 21,76

1987 10,923 9,809 16,287 466 48 278 8 19 112 1 26,562

1988 9,062 8,}22 17,679 74l 241 _52 14 18 115 1 26,742

1989 10,969 10,097 17,906 560 97 301 17 21 121 _ 28,56_

1990 12,_24 11,460 15,616 506 79 243 _1 25 124 4 27,582
1991 14,016 l_,046 14,181 772 251 251 29 26 211 4 27,999

I092 14,]17 13,109 15,023 798 223 327 _4 29 181 4 29,020
1093 14,_10 13,064 14,106 731 165 _24 ]3 25 180 4 27,901

1094 14,570 13,022 13,166 632 74 312 _1 _l 179 5 26,820

1995 1_,854 12,543 10,644 759 60 352 _1 _2 278 6 23,946

1996 1_,884 12,569 11,514 828 46 472 _6 _7 2_1 6 24,911

1997 13,709 12,457 11,727 789 _5 448 42 _0 219 6 24,97_

1998 1L648 12,321 12,359 839 103 4_5 4] 39 213 6 25,519

1999 1_,65_ 12,459 13,20_ 982 105 575 59 _7 200 6 26,644

2000 13,601 12,521 l_,197 990 102 57I 60 44 207 6 26,708

* Transition Quarter

a. NSF has recalculated its space expenditures since 1980, making them significantly higher than rep_rted in previous years.
b. Includes $2.1 billion fi_r replacement of Space Shuttle Chal_nger in 1987.

c. "Other" column is the total of the non-NASA, n_m-l)oD budget authority figures that appear m succeeding columns. The t_na[ is s_metimes

ditterent 1tom the sum of the individual figures because _f rounding. The "Total Space" column does n,n include the "NASA _tal" c,_lumn
because it includes budget authority fi_r aeronautics as well as m space. F_r the years 1989 1997, this "Other" o_hmur aI,,_ inc[udes sma][

figures _r the Environmental Pmtecti_n Agency (EPA).

DoE has recalculated its space expenditures since 1998, making them slightly di_erent.

SOl _RCE: Office of Management and Budget
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Space Activities of the U.S. Government

BUI)GET AUTHORITY IN MILLIONS OF EQUIVALENT FY 1999 DOLLARS

(adjusted for inflation)

Inflation NASA NASA Total

FY Factors Total Space DoD Other DoE Doe Doi Ag NSF DoT Space

m

m

m,

-<

1959 4.815 1,594 1,257 2,359 164 164 3,780

1960 4.7234 2,475 2,182 2,650 203 203 5,035

1961 4.6789 4,510 4,355 5,809 318 318 8,459

1962 4.6168 8,426 8,296 5,99_ 919 683 235 15,208

196_ 4.5605 16,750 16,536 7,068 1,172 976 196 24,776

1964 4.5071 22,986 22,608 7,207 960 946 14 30,775

1965 4.4495 23,560 22,861 7,003 1,072 1,019 53 30,937

1966 4.3748 22,640 22,159 7,389 9_6 818 118 30,484

1967 4.1954 20,854 20,264 6,981 894 772 122 28,139

1968 4.1487 19,030 18,579 7,974 723 602 116 0.8 4 27,075

1969 4.0008 t5,967 15,291 8,054 682 472 80 0.8 4 125 24,026

t970 _.8304 14,349 15,586 6,427 540 395 31 4 4 107 20,554

1971 3.6355 12,037 11,274 5,497 589 _45 98 7 4 154 17,359

1972 3.4561 11,429 10,614 4,86_ 461 190 107 21 7 136 15,937

1973 3.2967 11,229 10,197 5,_51 486 178 132 33 7 136 16,033

1974 3. I523 9,57_ 8,697 5,567 498 1_2 189 28 9 139 14,762

1975 2.9435 9,504 8,580 5,569 464 88 188 24 6 158 14,613

1976 2.6768 9,502 8,633 5,508 451 62 193 27 11 159 14,391

TQ 2.4968 2,327 2,120 1,149 77 12 55 7 2 3,346
1977 2.4155 9,222 8,_09 5,826 467 53 220 24 14 156 14,602

1978 2.3161 9,40_ 8,591 6,341 523 79 239 23 19 164 15,256

1979 2.1688 9,968 8,740 6,584 558 128 215 22 17 158 15,862

1980 2.012 10,543 9,416 7,742 465 80 187 24 28 145 17,623

1981 1.8526 10,223 9,248 8,944 434 76 161 22 30 145 18,627

1982 1.69 10,214 9,_42 11,287 528 103 245 20 25 135 21,158

1983 1.5819 10,875 10,010 14,267 517 62 282 8 32 135 24,794

1984 1.5139 11,201 10,38_ 15,435 598 51 357 5 29 156 26,415

1985 1.459_ 11,051 10,106 18,652 852 50 617 3 22 160 29,590

1986 1.4154 11,0_5 10,127 19,966 674 49 437 3 33 152 30,767

1987 1.3805 15,079 13,542 22,485 64_ 66 }84 11 26 154 1 56,669
1988 1.3449 12,188 11,193 2L777 997 324 473 19 24 155 l 35,966

1989 1.3029 14,292 13,156 2L_31 7_0 126 392 22 27 158 4 37,216

1990 1.2544 15,459 14,375 19,589 634 99 305 39 31 155 5 34,598

1991 1.2085 16,9_8 15,766 17,137 933 503 _03 35 31 255 5 33,836

1992 1.1647 16,675 15,373 17,498 929 260 381 40 34 210 5 33,800

1993 1.1391 16,_00 14,881 16,068 8_2 188 369 38 28 205 5 31,781

1994 1.1109 16,186 14,467 I4,627 703 82 347 34 34 199 6 29,796

1995 1.086 15,045 1_,621 11,559 824 65 382 34 35 302 7 26,004

1996 1.0635 14,766 13,367 12,245 880 49 502 38 39 245 6 26,493

1997 1.0434 14,_04 12,998 12,2_6 824 37 467 44 41 229 6 26,057

1998 1.026 14,002 12,641 12,680 861 106 446 44 40 219 6 26,182

1999 1.01_ 13,8_1 12,62l 13,375 995 106 582 60 37 203 6 26,991

2000 t 1L601 12,521 12,521 990 102 571 60 44 207 6 26,708
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c Federal Space Activities Budget
(in millions _f dollars by' fiscal year)

r"

Federal Agencies Budget Authority

1998 1999 2000 ! 998

actual actual est. actual

Budget Outlays

1999

actual
2000

est.

©

©

NASA ............................

['_ctbnse ...........................

Energy . ...........................

( .'t _mnlcrce .........................

[nteri_,r ...........................

Agriculture ........................

Transportation ......................

NSF ..............................

12,_2i 12,4S9 12,521 12,866

12,359 1L203 13,197 12,230

103 I05 102 97

4_5 _75 571 _26

42 59 60 42

39 _7 44 39

6 6 6 6

2l_ 200 207 221

12,466

12,453

103

4_1

59

37

6

216

12,427

12,755

I03

517

60

44

6

207

tj

r_

S( )_ 'RCE: Office ot Managemcn_ and Budvet.

c

m

v;

c

©



Federal Aeronautics Budget
(in milli.ns of dollars by fiscal year)

"TI

_a

Federal Agencies Budget Authority Budget Outlays

1998 1999 2000 1998 1999

actual actual est. actual actual

2000

est.

-<

_a

NASA ............................ 1,:_27 1,194 1,060 1,_39 1,217 1,014

Dct;.'nsc ........................... 6,256 5,5_2 {_,460 6,354 5,913 6,099

_,.4:_Transp(_r_ati(,n ...................... 2,0_>) 2,271 _.,_'_01 2,429 2, :_69 ' "_

a. Rcsearch, i')cvel(_pment, (]_._struction _f FaciliHcs, Rescmch m_d Pro_r_m_ Mm3n_cment

[_. Research, l'Jcvelopmem, Tt'sting, and Evaluation _f aircraft and related equipment.

c. Federal _,riit_'i_)ll ,Adlllinisrrati_m: t_.cscarcb, Engint, cri1_<, a1_J I')cvcl¢_plm, lm Facilities, En_inccrin_, :m_l l)cveh_pmcnr

St )UR(;E- (')fficc _f Management m_d _(ld,,zct.

C)

>

<





GLOSSARY AND ACRONYMS

A

ACTS

ADEOS

ADS-B

AEAP

AGATE

AMOS

ARS

AST

ASTER

ASTP

ATLAS

AVHRR

AVIRIS

AVOSS

AXAF

Advanced Communications Technology SateUite

Advanced Earth Observing Satellite

Automated Dependent Surveillance.Broadcast

Atmospheric Effects of Aviation Project

Advanced General Aviation Technology Experiment

Air Force Maul Optical Site

Agricultural Research Service (USDA)

Advanced Subsonic Technology (Program)

Advanced Spaceborne Thermal Emission and Reflection Radiometer

Apolio-Soyuz Test Project

Atmospheric Laboratory for Applications and Science

Advanced Very High Resolution Radiometer

Airborne Visible and Infrared Imaging Spectrometer

Advanced Vortex Sensing System

Advanced X-ray Astrophysics Facility (former name of Chandra X-ray

Observatory)

B

BIA

Black hole

BXA

Bureau of Indian Affairs (Dol)

A completely collapsed, massive dead star whose gravitational field is so

powerful that no radiation can escape from it; because of this property, its

existence must be inferred rather than recorded from radiation emissions

Bureau of Export Administration (DoC)

C

CEOS

C1S

CITEL

CME

CNES

COPUOS

Corona

CORS

Cosmic rays

COSPAR

CrlS

CRISTA-SPAS

CSC

CSOC

CT

CUE

Committee on Earth Observation Satellites

Commonwealth of Independent States

Commission on Inter.American Telecommunications

Coronal Mass Ejections

Centre National d'Etudes Spatiales (France)

Committee on the Peaceful Uses of Outer Space (United Nations)

The outer atmosphere of the Sun, extending about a million miles above

the surface

Continuously Operating Reference Station

Not forms of energy, such as x-rays or gamma rays, but particles of

matter

Committee on Space Research

Cross-track Infrared Sounder

Cryogenic Infrared Spectrometers and Telescopes for the

Atmosphere-Shuttle Pallet Satellite

Commercial Space Center

Consolidated Space Operations Contract

Computerized Tomography

Collaborative Ukrainian Experiment
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D

DAAC

DARWIN

DMSP

DoC

DoD

DoE

DoI

DoS

DoT

DSN

DSP

E

EELV

EHF

El Nifio

EOS

EPA

EPIC

ERAST

EROS

ERS

ESE

ESA

ET

ETM+

EUV

EVA

F

FAA

FACE

FAR

FAS

FCC

FGB

Fly.by.light

Fly.by-wire

Distributed Active Archive Center

Design Assessment of Reliability With Inspection

Defense Meteorological Satellite Program--DoD's polar-orbiting

weather satellite system

Department of Commerce

Department of Defense

Department of Energy

Department of the Interior

Department of State

Department of Transportation

Deep Space Network

Defense Support Program

Evolved Expendable Launch Vehicle (program)

Extremely High Frequency

A warm inshore current annually flowing south along the coast of

Ecuador around the end of December and extending about every 7 to

10 years down the coast of Peru

Earth Observing System--a series of satellites, part of NASA's Earth

Science Enterprise, being designed for launch at the end of the 1990's

to gather data on global change

Environmental Protection Agency

Environmental Photographic Interpretation Center (EPA)

Environmental Research Aircraft and Sensor Technology (project)

Earth Resources Observation System (USGS)

European Remote-Sensing Satellite

Earth Science Enterprise

European Space Agency

External Tank

Enhanced Thematic Mapper-Plus (Landsat instrument)

Extreme ultraviolet

Extravehicular activity

Federal Aviation Administration

Free Air Carbon dioxide Enrichment

Federal Acquisition Regulation

Foreign Agricultural Service (USDA)

Federal Communications Commission

Functional Cargo Block (Russian acronym)

The use of light signals to connect the pilot's control devices with the

aircraft control surfaces; or the use of light (fiber optic) control

connections with no mechanical backup linkages and providing the pilot

direct control of aircraft motion rather than control surface position

The use of electrical signals to connect the pilot's control devices with

the aircraft control surfaces; or the use of electrical control connections



Freeflight

FSA

FSS

FWS

FY

with no mechanical backup linkages and providing the

pilot direct control of aircraft motion rather than control

surface position

A concept being developed by the FAA and the aviation com-

munity in which pilots could ultimately choose their own

routes, speeds, and altitudes in flight, thus improving safety,

while saving fuel, time, and natural resources.

Farm Service Agency (USDA)

Fixed Satellite Service

(U.S.) Fish and Wildlife Service (Dol)

Fiscal Year

G

Gamma rays

GDIN

Geo-stationary

Geosynchronous

GIS

GOES

GOIN

GPS

The shortest of electromagnetic radiations, emitted by some

radioactive substances

Global Disaster Information Network

Traveling around the Earth's equator at an altitude of at least

35,000 kilometers and at a speed matching that of the Earth's

rotation, thereby maintaining a constant relation to points on

the Earth

Geostationary

Geographic Information System

Geostationary Operational Environmental Satellite

Global Observation Information Network

Global Positioning System
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H

Heliosphere

HST

Hypersonic

Hyperspectral

The region of the Sun's influence, including the Sun and the inter

planetary medium

Hubble Space Telescope

Faster than Mach 4; faster than "high speed"

An instrument capability using many very narrow spectral frequency

bands (300 or more), enabling a satellite-based passive sensor to

discriminate specific features or phenomena on the body being

observed (such as Earth)

I

ICM

1GEB

IGOS

IGS

INM

INMARSAT

lnSAR

INSAT

Integrated modular avionics

INTELSAT

Interim Control Module

International GPS Executive Board

Integrated Global Observing Strategy

International GPS Service for Geodynamics

Integrated Noise Model

International Mobile Satellite Organization

Interferometric Synthetic Aperture Radar

Indian Remote Sensing Satellite

Aircraft-unique avionics cabinet that replace multiple black boxes

with shared common equipment and generic software

International Telecommunications Satellite (Organization)
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lnterferometry

lnternet

Ionosphere

1PO

ISO

ISS

1TA

ITU

The production and measurement of interference from two or

more coherent wave trains emitted from the same source

An international computer network that began about 1970 as the

NSF Net; very slowly it became a collection of more than 40,000

independently managed computer networks worldwide that have

adopted common protocols to permit the exchange of electronic

information

That region of Earth's atmosphere so named because of the

presence of ionized atoms in layers that reflect radio waves and

short-wave transmissions

Integrated Program Office

International Organization for Standardization

International Space Station

International Trade Administration (DoC)

International Telecommunications Union

I
JEM

JPL

Japanese Experimental Module

Jet Propulsion Laboratory (NASA)

K

K-band Radio frequencies in the 20-gigahertz range

Ka-band Radio frequencies in the 30-gigahertz range

KSC Kennedy Space Center

Ku-band Radio frequencies in the 11-12-gigahertz range

L

Landsat

Laser

LDEF

LEO

LH2

L1DAR

LOX

LVIS

Land [remote sensing] Satellite--a series of satellites designed to

collect information about Earth's natural resources

Light amplified by simulated emission of radiation--a device that

produces an intense beam of light that may be strong enough to

vaporize the hardest and most heat.resistant materials, first

constructed in 1960

Long-Duration Exposure Facility

Low-Earth Orbit--lO0 to 350 nautical miles above Earth

Liquid Hydrogen

Light Intersection Direction and Ranging

Liquid Oxygen

Laser Vegetation Imaging Sensor

M

Mach

Magnetosphere

A relative number named after Austrian physicist Ernst Mach

(1838-1916) and indicating speed with respect to that of sound in

a given medium; in dry air at 32 degrees Fahrenheit and at sea

level, for example, Mach l=approximately 741 miles per hour

(1,192 kilometers per hour)

The region of Earth's atmosphere in which ionized gas plays an

important role in the atmospheric dynamics and where,

consequently, the geomagnetic field also exerts an important

influence;other magnetic planets, such as Jupiter, have

magnetospheres that are similar in many respects to Earth's



MCC-H

MCC .M

MCO

MHz

MilSatCom

MISR

MMH

MMS

MOD1S

MPL

MPLM

Mission Control Center-Houston

Mission Control Center-Moscow

Mars Climate Orbiter

Megahertz

Military Satellite Communications

Multiangle Imaging Spectroradiometer

Monomethyl Hydrazine

Minerals Management Service (Dol)

Moderate Resolution Imaging Spectrometer

Mars Polar Lander

Multi-Purpose Logistics Module

N

NAPP

NAS

NASA

NASDA

NASM

NASS

NATO

NAWQA

NCAP

NDGPS

NDOP

NESDIS

Neutron

star

NEXRAD

NGS

NGSO

N1ST

NOAA

Nominal

NOx

NPOESS

NPP

NPS

NRA

NRCS

NRO

NSC

NSF

NTIA

National Aerial Photography Program

National Airspace System (FAA)

National Aeronautics and Space Administration

National Space Development Agency (of Japan)

National Air and Space Museum

National Agricultural Statistics Service (USDA)

North Atlantic Treaty Organization

National Water Quality Assessment

National Civil Applications Program (USGS)

Nationwide Differential GPS

National Digital Orthoquad Program

National Environmental Satellite, Data and Information Service

(NOAA)

Any of a class of extremely dense, compact stars thought to be com-

posed primarily of neutrons; see pulsar

Next Generation Weather Radar

National Geodetic Survey

Nongeostationary satellite

National Institute of Standards and Technology (DoC)

National Oceanic and Atmospheric Administration (l)oC); also tile

designation of that administration's Sun-synchronous satellites in

polar orbit

Functioning as designed

Oxides of nitrogen

National Polar-orbiting Operational Environmental Satellite System

NPOESS Preparatory Project

National Park Service (I)oi)

NASA Research Announcement

National Resources Conservation Service (USi)A)

National Reconnaissance Office (DoI))

National Security Council

National Science Foundation

National Telecommunications and Informati_,n Administration

(DoC)--the Federal Government's radio spectrum manager, which

coordinates the use of LEO satellite networks, such as those for

Landsat, Navstar GPS, the Space Shuttle, and the Television and

Infrared Operational Satellite (TIROS), _ith other countries of the

world

35
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O

ODERACS

OLMSA

OMPS

Order of

magnitude

ORFEUS-

SPAS

OSMRE

OSS

OSTP

P

PAMS-STU

PARCS

Pathfinder

PCB

PEACESAT

PECAD

Photo-

grammetry

Orbital Debris Radar Calibration Spheres

Office of Life and Microgravity Sciences and Applications (NASA)

Ozone Mapping and Profiler Suite

An amount equal to 10 times a given value; thus if some

quantity was 10 times as great as another quantity, it would

be an order of magnitude greater; if 100 times as great, it

would be larger by two orders of magnitude

Orbiting and Retrievable Far and Extreme Ultraviolet Spectrograph-

Shuttle Pallet Satellite

Office of Surface Mining Reclamation and Enforcement (Dol)

Office of Space Science (NASA)

Office of Science and Technology Policy

PMA

POES

PPS

PRA

Pulsar

Passive Aerodynamically Stabilized Magnetically Damped Satellite-

Satellite Test Unit

Primary Atomic Reference Clock in Space

A program that focuses on the processing, reprocessing, maintaining,

archiving, and distributing existing Earth science data sets to make

them more useful to researchers; NASA, NOAA, and USGS are

involved in specific Pathfinder efforts

Polychlorinated hiphenyl

Pan-Pacific Education and Communications Experiment by Satellite

Production Estimates and Crop Assessment Division (FAS)

The science or art of obtaining reliable measurements by means of

photography

Pressurized Mating Adapter

Polar-orbiting Operational Environmental Satellite (program)

Precise Positioning Service

Probabilistic Risk Assessment

A pulsating radio star, which is thought to be a rapidly spinning

neutron star; the latter is formed when the core of a violently

exploding star, called a supernova, collapses inward and becomes

compressed together; pulsars emit extremely regular pulses of radio

waves

Q
Quasar

QuikSCAT

A class of rare cosmic objects of extreme luminosity and strong radio

emission; many investigators attribute their high-energy generation to

gas spiraling at high velocity into a massive black hole

Quick Scatterometer

R

RADARSAT

Ramjet

Canadian Radar Satellite

A jet engine with no mechanical compressor, consisting of specially

shaped tubes or ducts open at both ends, along with the air necessary



RF1D

RLV

RPA

RSA

RSML

S

SAMRSS

SAO

SAR

SBIRS

SBS

Scramjet

SeaWiFS

SLS

SMA

SNOE

SOFIA

SOHO

Solar wind

SPACEHAB

SPARTAN

SPOT

SRB

SRM

SRMU

SSBUV

SSCC

SSCE

SSME

SSM/I

SSRMS

SSTF

SSTI

START

STS

SWAS

for combustion being shoved into the duct and compressed by the

forward motion of the engine

Radio Frequency Identification

Reusable Launch Vehicle

Remotely Piloted Aircraft

Russian Space Agency

Remote Sensing and Modeling Laboratory (ARS)

Shafter Airborne Multispectral Remote Sensing System

Smithsonian Astrophysical Observatory

Synthetic Aperture Radar

Space Based Infrared System

Satellite Business Systems

Supersonic.combustion ramjet

Sea-viewing Wide Field-of-view Sensor

Spacelab Life Sciences

Safety and Mission Assurance

Student Nitric Oxide Experiment

Stratospheric Observatory for Infrared Astronomy

Solar and Heliospheric Observatory

A stream of particles accelerated by the heat of the solar corona (outer

region of the Sun) to velocities great enough to permit them to escape

from the Sun's gravitational field

Commercial module for housing Shuttle experiments

Shuttle Pointed Autonomous Research Tool for Astronomy

Satellite Pour l'Observation de la Terre (French satellite for the

observation of Earth)

Solid Rocket Booster

Solid Rocket Motor

Solid Rocket Motor Upgrade

Shuttle Solar Backscatter Ultraviolet

Space Station Control Center

Solid Surface Combustion Experiment

Space Shuttle Main Engine

Special Sensor Microwave Imager

Space Station Remote Manipulator System

Space Station Training Facility

Small Satellite Technology Initiative

Strategic Arms Reduction Treaty

Space Transportation System

Submillimeter Wave Astronomy Satellite
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TA

TATP

TDRS

TERRIERS

Technology Administration (DoC)

Triacetone triperoxide (terrorist explosive)

Tracking and Data Relay Satellite

Tomographic Experiment using Radiative Recombinative Ionospheric
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TOMS

TOPEX

TRACE

TRACON

TRMM

U

UARS

UHF

UNISPACE

URET

U.S.

USAID

USDA

USGS

USML

USMP

USWCL

V

VCL

VHF

VLBA

VLSA

W

WAAS

Wind shear

WIRE

WRC

WSDDM

WSF

X-Y-Z

X rays

XRS[M

EUV and Radio Sources

Total Ozone Mapping Spectrometer

Ocean Topography Experiment

Transition Region and Coronal Explorer

Terminal Radar Approach Control (system)

Tropical Rainfall Measuring Mission

Upper Atmosphere Research Satellite

Ultrahigh Frequency--any frequency between 300 and 3,000 megacy-

cles per second

United Nations Conference on the Exploration and Peaceful Uses of

Outer Space

User Request Evaluation Tool

United States

U.S. Agency for International Development

U.S. I)cpartment of Agriculture

U.S. Geological Survey (DoI)

U.S. Microgravity Laboratory

U.S. Microgravity Payload

U.S. Water Conservation Laboratory (ARS)

_\'getation Canopy Lidar

Very High Frequency--arty radio frequency between 30 and 300

megacycles per second

Very Large Baseline Array

Very Large Scale Aerial

Wide Area Augmentation System

Variation of wind speed and wind direction with respect to a horizontal

or vertical plane; powerful but invisible downdrafts called microbursts

focus intense amounts of vertical energy in a narrow funnel that can

force an aircraft to the ground nose first if the aircraft is caught

underneath

Wide-field Infrared Explorer

World Radiocommunication Conference

Weather Support to Deicing Decision Making

Wake Shield Facility

Radiations of very short wavelengths, beyond the ultraviolet in the

spectrum

X-ray simulation software


